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F o l l o w i n g  r e p o r t s  t h a t  g r a z i n g  l u c e r n e  and rape had p r o d u c e d  f l a v o u r  d e f e c t s  in 
lamb,  t he  aim of  t h i s  s t u d y  was t o  d e t e r m i n e  i f  any o f  t h e  f a t t e n i n g  r e gi me s  f o r  
s t o r e  lambs in t he  ESCA t r i a l s  of  1977 p r o d u c e d  u n a c c e p t a b l e  aroma or  f l a v o u r  in 
r o a s t e d  g i g o t s  and l o i n s .  C a r e f u l  s t u d i e s  of  f a c t o r s  i n f l u e n c i n g  meat  f l a v o u r  
were made so t h a t  s t a n d a r d i s e d  p r o c e d u r e s  woul d e n s u r e  t h a t  f e e d i n g  r e gi me  was 
t he  o n l y  v a r i a b l e  in t h e  t r i a l s .  Hedoni c  r a t i n g  s c a l e s  wer e f i r s t  used t o  
d e t e r m i n e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  g i g o t s  and l o i n s .  T a s t e r s  a t  QMC 
and ESCA f ound d i f f i c u l t y  in d i s t i n g u i s h i n g  sampl es cooked t o  d i f f e r e n t  i n t e r n a l  
t e m p e r a t u r e s .  Responses were i n c o n s i s t e n t  i n d u p l i c a t e d  t r i a l s .  I t  was t h u s  
c o n s i d e r e d  p r u d e n t  t o  d e v i s e  more p r e c i s e  a s s e s s me nt  t e c h n i q u e s  f o r  f u t u r e  s t u d i e s .  
T r i a n g l e  t e s t s  and p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  wer e s u b s e q u e n t l y  u sed.
In t h e  f i r s t  c o mp a r i s o n s  of  g r a s s  and r ape f ed s a m p l e s ,  t h e r e  were no d e t e c t a b l e  
d i f f e r e n c e s  in aroma or  f l a v o u r .  T h e r e  was no c o n s i s t e n t  p r e f e r e n c e  f o r  e i t h e r  
sampl e.  F l a v o u r  p r o f i l e s  c o n f i r m e d  t h a t  n e i t h e r  f e e d i n g  r e gi me  p r o d u c e d  
c h a r a c t e r i s t i c  aroma or  f l a v o u r .  T a s t e r s '  p e r f o r m a n c e  was a s s e s s e d .  R e s u l t s  
of  t h e s e  assessment s  i n d i c a t e d  t h a t  t he second s e r i e s  of  c o m p a r i s o n s  o f  g r a s s  and 
rape and c o mp a r i s o n s  o f  the o t h e r  f o r a g e  c r o p s  c o u l d  be c a r r i e d  out  w i t h  g r e a t e r  
c o n f i d e n c e  in bot h t h e  e x p e r i m e n t a l  d e s i g n  and t a s t e r s '  p e r f o r m a n c e .  None of  t he  
f a t t e n i n g  r egi mes  f o r  s t o r e  lambs p r o d u c e d  d e t e c t a b l e  d i f f e r e n c e s  i n aroma or  
f l a v o u r .  T h e r e  was no c o n s i s t e n t  p r e f e r e n c e  f o r  t he  f l a v o u r  of  lamb f r om any of  
t he f e e d i n g  r egi mes a l t h o u g h  t h e r e  was some e v i d e n c e  t h a t  f e e d i n g  ca bba ge  p r o d u c e s  
f l a v o u r  wh i c h  is v e r y  w e l l  l i k e d .  T h e r e  was no d i f f e r e n c e  in t h e  a b i l i t y  of
j u d g e s  t o  i d e n t i f y  t he odd sampl e in t r i a n g l e  t e s t s  when t he aroma o f  raw and 
cooked sampl es was compar ed.  T h i s  f i n d i n g  has c o n s i d e r a b l e  i m p l i c a t i o n s  f o r  f u t u r e  
e x p e r i m e n t s .  The c o n t r i b u t i o n  of  f a t t y  t i s s u e  t o  f l a v o u r  was s t u d i e d .  T o t a l  and 
e v a p o r a t i v e  w e i g h t  l o s s e s  and raw and cooked pH v a l u e s  of  g i g o t s  and l o i n s  wer e 
r e c o r d e d .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  wer e  e s t a b l i s h e d  between t h e  two 
c u t s  a l t h o u g h  pH changes i n r e s p o n s e  t o  the c o o k i n g  p r o c e s s  d i d  not  d i f f e r .  T h e s e  
f i n d i n g s  emphasi se  t he i mp o r t a n c e  of  c omp a r i n g  meats o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n .  
An a c c o u n t  o f  t h e  b a s i s  on w h i c h  the s e n s o r y  t e s t s  used i n t h e  t r i a l s  wer e s e l e c t e d  
is g i v e n  t o g e t h e r  w i t h  d e t a i l s  of  s t a t i s t i c a l  t e c h n i q u e s  used in t h e  a n a l y s i s  of  
d a t a .
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CHAPTER 1 
In t r o d u c t  i on
1 . Lamb and Human N u t r i t i o n
The B r i t i s h  a r e  t he  t h i r d  l a r g e s t  e a t e r s  o f  lamb w i t h i n  t h e  EEC 
and p r o du c e  a p p r o x i m a t e l y  f i f t y  per  c e n t  o f  t he  sheep w i t h i n  t he  EEC.  
A p p r o x i m a t e l y  57 per  c e n t  of  lamb consumed i s p r o d u c e d  w i t h i n  t h e  
U n i t e d  Ki ngdom w i t h  40 per  c e n t  b e i n g  i mp o r t e d  f r o m New Z e a l a n d  
( P r o d f a c t  1 9 8 2 ) .  Lamb i s  t h u s  a s i g n i f i c a n t  f l e s h  f ood  w i t h i n  t h e  
U n i t e d  Ki ngdom.  C o m p a r a t i v e  f i g u r e s  f o r  t h e  c o n s u m p t i o n  of  m u t t o n *  
and lamb and o t h e r  c a r c a s s  meat s a r e  g i v e n  i n T a b l e  1 . 1 .
T a b l e  1.1 Househol d  C o n s u mp t i o n  of  C a r c a s s  Meats 1979
( o z .  p e r  p e r s o n  p e r  week)
Uni  ted Ki ngdom ( g ) S c o t l a n d  ( g )
Beef  and Veal 8 . 2 7 235 1 1. 57 329
Mut t on and Lamb 4 . 2 8 126 1 . 8 6 53
Por k 3 . 6 3 103 1. 7 9 51
T o t a  1 1 6 . 18 464 1 5 . 2 2 33
S o u r c e :  N a t i o n a l  Food S u r v e y  1979
( F i g u r e s  qu o t e d  in o z . have been c o n v e r t e d  t o  g f o r  c l a r i t y ) .
T he  d i f f e r i n g  p a t t e r n s  of  c o n s u m p t i o n  f o r  S c o t l a n d  and t h e  U n i t e d
Kingdom as a wh ol e  s h o u l d  be n o t e d .  In S c o t l a n d ,  c o n t r a r y  t o  p o p u l a r  
o p i n i o n ,  c o n s u mp t i o n  o f  meat  p r o d u c t s  was o n l y  2 3 . 4 5  oz ( 666g )  per  
per son  w e e k l y  compared w i t h  the U n i t e d  Ki ngdom as a wh o l e  wher e 
a v e r a g e  c o n s u mp t i o n  was 1 24 . 0 9  oz ( 6 8 4 g ) .  In maki ng t h e s e  a s s e s s me n t s  
the c o n v e n t i o n a l  v a l u e  of  ten per  c e n t  has been d e d u c t e d  f o r  w a s t a g e .  
A l l o w a n c e  was made f o r  i n e d i b l e  m a t t e r .  A l t h o u g h  s i x  per  c e n t  e d i b l e  
f ood was r e p o r t e d  as b e i n g  e i t h e r  d i s c a r d e d  or  f ed t o  p e t s  ( Wenl ock  e t  
al  1980)  t h i s  f i g u r e  was c o n s i d e r e d  by t he  N a t i o n a l  Food S u r v e y  Commi t t ee  
t o  be a c o n s e r v a t i v e  e s t i m a t e .
I n/
*Mut t on i s  p r odu c e d  f rom l a r g e  c a r c a s s e s  and a s ma l l  amount  o f  ewe mu t t o n  
i s  p r odu c e d  m a i n l y  f o r  s p e c i a l i s e d  r e s t a u r a n t  and e t h n i c  r e q u i r e m e n t s .
In T a b l e  28 of  t he  N a t i o n a l  Food S u r v e y  ( 1 97 9 )  i t  i s  s u g g e s t e d  
t h a t  at  a t i me when deep f r e e z e  o w n e r s h i p  i s  i n c r e a s i n g  and meat s ar e  
commonly bought  in b u l k  f r o z e n ,  U n i t e d  Ki ngdom f i g u r e s  s h o u l d  p e r h a p s  
be m o d i f i e d  t o  t a ke  t h e s e  f a c t o r s  i n t o  a c c o u n t  ( T a b l e  1 . 2 ) .
T a b l e  1.2 Hous e h ol d  C ons u mp t i on  of  C a r c a s s  Meats 1979
2.
o z .  p e r  p e r s o n  p e r  week 
F r e e z e r  Owners ( g )  O t h e r s  ( g )  T o t a l  ( g )
Beef and V e a l 9..06 257 7..59 2 1 6 8 ..27 235
Mut t on  and Lamb A..69 133 3..91 1 1 1 A.,28 126
Pork A,. 1 0 11 6 3..2 2 91 3..63 103
T o t a  1 17..85 506 1 A..72 A 18 16 ,, 18 A6 A
F i g u r e s  f o r  d i f f e r e n t  r e g i o n s  a r e  not  qu o t e d  s e p a r a t e l y  i n t he t a b l e s .  
F r e e z e r  owner s c e r t a i n l y  p u r c h a s e  more lamb b u t  i t  does n o t  f o l l o w  t h a t  
more i s  a c t u a l l y  consumed.
When n u t r i e n t  i n t a k e s  of  t h e  U n i t e d  Ki ngdom as a w h o l e  and S c o t l a n d  
ar e compar ed,  ( A p p e n d i x  T a b l e  1 . 1 )  v a r i a t i o n s  a r e  s l i g h t .  Hence i t  
seems a p p r o p r i a t e  t o  c o n s i d e r  t he p r o p o r t i o n s  o f  t h e  d a i l y  e n e r g y ,  
p r o t e i n ,  f a t  and i r o n  i n t a k e s  d e r i v e d  f rom c a r c a s s  meats t o  be r e a s o n a b l y  
r e p r e s e n t a t i v e  of  t h o s e  f o r  S c o t l a n d .  T h e s e  a r e  s e t  o u t  i n A p p e n d i x  
T a b l e  1 . 2 .  D e s p i t e  l ower  lamb and p o r k  c o n s u m p t i o n  i n S c o t l a n d  g r o s s  
c o m p o s i t i o n a l  d i f f e r e n c e s  of  meat s of  t he  t h r e e  s p e c i e s  w i l l  be s l i g h t  
in comp a r i s o n  w i t h  v a r i a b i l i t y  of  i n d i v i d u a l  meat  s a mp l e s .  P e r c e n t a g e s  
of  t o t a l  d a i l y  i n t a k e  of  n u t r i e n t s  p r o v i d e d  by c a r c a s s  meats ar e s e t  out  
i n T a b l e  1 . 3 .
T a b l e  1. 3/
T a b l e  1 . 3  P e r c e n t a g e s  o f  T o t a l  D a i l y  I n t a k e  o f  N u t r i e n t s  P r o v i d e d
3.
by C a r c a s s  Meats
N u t r i e n t  % C o n t r i b u t i o n  t o  D a i l y  I n t a k e
E n e r g y  6 . 6
P r o t e i n  13. 9
Fat  11. 6
I ron 8 . 5
S a t u r a t e d  f a t t y  a c i d s  11.1
P o l y u n s a t u r a t e d  f a t t y  a c i d s  6 . 0
At  a t i me when t he  James R e p o r t  c o m p i l e d  by t h e  N a t i o n a l  A d v i s o r y
Commi t t ee on N u t r i t i o n  E d u c a t i o n  i s  s t i l l  u nd e r  d i s c u s s i o n ,  t he
r e l a t i v e l y  h i g h  c o n t r i b u t i o n  o f  c a r c a s s  meats t o  p r o t e i n  and t o  a
l e s s e r  e x t e n t  f a t  i n t a k e  compared w i t h  t h e i r  low e n e r g y  c o n t r i b u t i o n
s h o u l d  be n o t e d .  I t  can be c o n c l u d e d  t h a t  meat s r e ma i n  a good s o u r c e
of  p r o t e i n  o f  h i g h  b i o l o g i c a l  v a l u e .  E x p e r i m e n t s  d e s i g n e d  t o  i mp r ov e  and
make meat  p r o d u c t i o n  more e f f i c i e n t  w i t h o u t  s a c r i f i c e  o f  e a t i n g  q u a l i t y
are t hus of  o b v i o u s  v a l u e .
2.  Se n s o r y  T e s t i n g  of  Foods Pr odu ce d  on ESCA Farms a t  Queen M a r g a r e t  
Co 11ege
When t he a u t h o r  j o i n e d  the s t a f f  of  QMC i n 1964,  t hen t h e  E d i n b u r g h  
C o l l e g e  o f  D o me s t i c  S c i e n c e ,  l i n k s  had a l r e a d y  been e s t a b l i s h e d  w i t h  
ESCA.  L e c t u r e s  f r om ESCA s t a f f  and f ar m v i s i t s  wer e  a r r a n g e d  a t  t h a t
t i me .  Ass es s ment s  of  new v a r i e t i e s  o f  p o t a t o  cooked by d i f f e r e n t
methods wer e c a r r i e d  o u t .  QMC s t a f f  a s s i s t e d  i n t h e  c o m p a r i s o n s  of  
beef  sampl es f r om d i f f e r e n t  b r e e ds  wh i c h  had been cooked u nd e r  s t a n d a r d  
c o n d i t i o n s  ( Va n dor e  1 9 6 8 ) .  A s t u d y  o f  t h e  e f f e c t s  o f  b r e e d ,  h o u s i n g  
c o n d i t i o n s  and d i e t  on t h e  e a t i n g  q u a l i t y  o f  he ns '  eggs had been 
i n i t  i a t e d .
D u r i n g  t h e  academi c  s e s s i o n  1 9 6 6 - 6 7 ,  t h e  a u t h o r  was a t t e m p t i n g  t o  
e n s u r e /
b.
e n s u r e  t h a t  a s s e s s me nt s  of  a p p e a r a n c e ,  f l a v o u r  and t e x t u r e  o f  f o o d s  
by s t u d e n t s  of  Home Ec on omi c s  and C a t e r i n g  was made on a s o u n d ,  
s c i e n t i f i c  b a s i s .  D i s c u s s i o n s  w i t h  Mi s s  M P D i x o n *  o f  A r t h u r  D 
L i t t l e  R e s e a r c h ,  I n v e r e s k ,  a h i g h l y  t r a i n e d  a s s e s s o r  of  i n t e r n a t i o n a l  
r e p u t a t i o n ,  combi ned w i t h  s t u d e n t  v i s i t s  t o  t h e  I n s t i t u t e  a r o u s e d  
g r e a t  i n t e r e s t  i n d e v e l o p i n g  new t e c h n i q u e s .  D e t a i l e d  s t u d i e s  o f  t h e  
s e n s o r y  mechani sms i n v o l v e d  i n t h e  ass e s s me nt  o f  f o o d s  w h i c h  wer e 
combi ned w i t h  a s t u d y  of  the uses and l i m i t a t i o n s  o f  s e n s o r y  ( o r g a n o ­
l e p t i c )  a p p r a i s a l  t e c h n i q u e s  p r o v e d  t o  be o f  a b s o r b i n g  i n t e r e s t .  I t  
i s  hoped t h a t  the a u t h o r ' s  e n t h u s i a s m  and i n t e r e s t  were e v i d e n t  f r om a 
paper  w h i c h  was p r e s e n t e d  a t  t he  S i x t e e n t h  E a s t e r  Sc hool  i n  A g r i c u l t u r a l  
S c i e n c e ,  U n i v e r s i t y  o f  N o t t i n g h a m  i n 1969 ( P a r r y  1 9 7 0 ) .
Re c o r d s  of  s t u d e n t s '  p e r f o r m a n c e  i n d e t e c t i n g  p r i m a r y  t a s t e s ,  r a n k i n g  
s u c r o s e  s o l u t i o n s  and odour  r e c o g n i t i o n  wer e  s t a r t e d  i n 1968 and have 
c o n t i n u e d  u n t i l  the p r e s e n t  t i m e .  He d o n i c  r a t i n g  s c a l e s  wer e  used t o  
a sse ss  a wi de  v a r i e t y  of  f o o d s  and t o  s t u d y  t h e  e f f e c t s  o f  f l a v o u r  
m o d i f i e r s  and e n h a n c e r s . S e n s o r y  a p p r a i s a l  t e c h n i q u e s  became more 
f o r m a l i s e d  f o l l o w i n g  an I n - S e r v i c e  c o u r s e  f o r  p r a c t i s i n g  t e a c h e r s .
The amount o f  d a t a  c o l l e c t e d  had by them become c o n s i d e r a b l e .
The Dat a P r o c e s s i n g  C e n t r e  was e s t a b l i s h e d  a t  QMC i n 1976.  T h e r e  
was a t e l e p h o n e  l i n k  w i t h  a mai n f r a me  computer . .  I t  was t h u s  hoped 
t o  a n a l y s e  t he s e n s o r y  a p p r a i s a l  d a t a  w i t h  c omp u t e r  s u p p o r t .  T o  do 
so ,  c o n s i d e r a b l e  d i s c u s s i o n  o f  the d e s i g n  of  e x p e r i m e n t s  and methods 
o f  s t a t i s t i c a l  a n a l y s i s  of  r e s u l t s  o b t a i n e d  was r e q u i r e d .  In p a r t i c u l a r ,  
t he  Syst ems A n a l y s t  had c o n s i d e r a b l e  r e s e r v a t i o n s  a b o u t  t r e a t i n g  d a t a  
d e r i v e d  f rom t h e  h e d o n i c  r a t i n g  s c a l e s  as o t h e r  t h a n  o r d i n a l .
M e t h o d s / _____________________________________
*now Mrs M P Woods,  L e c t u r e r ,  QMC.
Met hods f o r  t h e  a n a l y s i s  of  d a t a  f rom p a i r e d  c o m p a r i s o n s  and t r i a n g l e  
t e s t s  wer e however  a l r e a d y  w e l l  e s t a b l i s h e d  (Arneri ne  e t  a l  1 9 6 5 ) .  T h u s  
f rom 1976  o n wa r d s ,  t he  d e s i g n  o f  e x p e r i m e n t s  was d i s c u s s e d  w i t h  t he  
Syst ems A n a l y s t  and a n a l y s i s  of  r e s u l t s  was made w i t h  c o mp u t e r  s u p p o r t .  
T h e  e x p e r i m e n t a l  d e s i g n  o f  the p r e s e n t  s t u d y  was d i s c u s s e d  and a gr e e d  
w i t h  A R C ' s  s t a t i s t i c i a n ,  M M F r a n k l i n .
D u r i n g  1975,  t he f i r s t  f o r m a l  j o i n t  ESCA/QMC e x p e r i m e n t a l  
programmes s t a r t e d .  An a c c o u n t  o f  a p i l o t  s t u d y  t o  d e t e r m i n e  i f  c r o s s ­
c o n t a m i n a t i o n  o c c u r r e d  when meats t o  be compared wer e  r o a s t e d  on t h e  
same s h e l f  of  a p r e h e a t e d  oven and o f  t h e  f e a s i b i l i t y  o f  u s i n g  t r i a n g l e  
t e s t s  t o  d e t e c t  d i f f e r e n c e s  i n t h e  aroma of  f a t  f r om p i g s  f e d  a d i e t  
i n c l u d i n g  d e o i l e d  h e r r i n g  s i l a g e  f rom f a t  f r om mat ched c o n t r o l s  is 
i n c l u d e d  i n t h e  s e c t i o n  R e l a t e d  E x p e r i m e n t a l  S t u d i e s .  A l s o  i n c l u d e d  
a r e  a co mp a r i s o n  o f  b u l l  v e r s u s  s t e e r  meats and t e s t s  c a r r i e d  ou t  on 
g r o w i n g  p i g s  t o  a s s e s s  t h e  e f f e c t s  of  t h e  i n c l u s i o n  of  d e o i l e d  h e r r i n g  
s i l a g e  in t he  d i e t .  P a i r e d  C o mp a r i s o n s  and T r i a n g l e  T e s t s  on f l a v o u r  
wer e c a r r i e d  out  w i t h  t he  a s s i s t a n c e  o f  f i n a l  y e a r  s t u d e n t  Home 
E c o n o mi s t s  i n 1976.  An a c c o u n t  o f  t h e  f l a v o u r  of  p o r k  f r om p i g s  fed 
d i e t s  c o n t a i n i n g  g r a i n  d i s t i l l e r s '  s p e n t  wash c a r r i e d  o u t  a t  QMC i n 
May 1977 i s a l s o  i n c l u d e d .  T h i s  wor k was not  p u b l i s h e d  but  was 
r e p o r t e d  i n t he  Annu al  R e p o r t  of  t h e  E a s t  o f  S c o t l a n d  C o l l e g e  of  
A g r i c u l t u r e  of  1979.
3.  Ai ms and O b j e c t i v e s  of  the P r e s e n t  S t u d y
In 1977,  a l o n g - t e r m  p r o j e c t  was s e t  up on ESCA f ar ms  t o  compar e 
t he  p e r f o r ma n c e  of  s t o r e  lambs f i n i s h e d  on a v a r i e t y  o f  f a t t e n i n g  
s y s t e ms .  S c o t t i s h  B l a c k f a c e  w e t h e r  l ambs,  born i n A p r i l / M a y  1977,  
a f t e r  we a ni n g  in A u g u s t  wer e g r a z e d  on g r a s s  a t  l ower  a l t i t u d e s  u n t i l  
a l l o c a t i o n  t o  t h e i r  s e l e c t e d  c r o p s .  Gr ou ps  wer e  r a nd o mi s e d  by w e i g h t  
and/
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and c o n d i t i o n  a t  t h e  s t a r t  of  t h e  e x p e r i m e n t .  T he  d e s i g n  of  t h i s  
e x p e r i m e n t  i s  i n d i c a t e d  in A p p e n d i x  T a b l e  9 . 3 .  Lambs wer e  w e i g h e d  
at  t h r e e  w e e k l y  i n t e r v a l s  and s o l d  f a t  as t h e y  r e ac h ed m a r k e t a b l e  
c o n d i t i o n  by s u b j e c t i v e  a s s e s s me n t .  C a r c a s s  w e i g h t s  and g r a d e s  were 
r e c o r d e d  a t  s l a u g h t e r .  Cr op  y i e l d s  wer e  r e c o r d e d  p r i o r  t o  and a f t e r  
g r a z i n g .  As i n d i c a t e d  i n t he  An n u a l  R e p o r t  o f  t h e  E a s t  o f  S c o t l a n d
C o l l e g e  of  A g r i c u l t u r e  of  1978,  r e p r e s e n t a t i v e  sampl es o f  t h e s e  s t o r e  
lambs wer e used f o r  consumer  a p p r a i s a l .  T h e s e  wer e  t h e  lambs used f o r  
most  of  t he t r i a l s  d e s c r i b e d  i n t h i s  s t u d y  i n c l u d i n g  t h e  c o m p a r i s o n s  
of  t h e  g r a s s  s i l a g e  and l u c e r n e  s i l a g e  f ed  l ambs.  T h e  second s e r i e s  
of  c o mp a r i s o n s  between g r a s s  and r a pe  f ed lambs used A p r i l / M a y  born 
lambs f rom t he  1978 r e p l i c a t e .  The  same c u l t i v a r  o f  r a pe  ( L a i r )  was 
used i n bot h  y e a r s .
P r i o r  t o  1977,  t h e r e  had been r e p o r t s  o f  a d v e r s e  e f f e c t s  of  
g r a z i n g  c r o p s  such as c l o v e r ,  l u c e r n e  and c e r t a i n  v a r i e t i e s  o f  b r a s s i c a  
and i n p a r t i c u l a r  r a p e ,  on lamb f l a v o u r . *  S i n c e  bot h r a pe  and l u c e r n e  
s i l a g e  had been used in t he  1977 ESCA t r i a l s  as w e l l  as o t h e r  v a r i e t i e s  
of  b r a s s i c a ,  i t  was c o n s i d e r e d  d e s i r a b l e  t o  e s t a b l i s h  i f  any o f  t h e  c r o p s  
used in t h e  1977  t r i a l s  were l i k e l y  t o  c a us e  s i m i l a r  a d v e r s e  e f f e c t s  on 
lamb f l a v o u r .  T h i s  had become p o s s i b l e  as a r e s u l t  o f  e x p e r t i s e  in 
aroma and f l a v o u r  a s s e s s me nt s  of  meat s a c q u i r e d  by s t a f f  and s t u d e n t s  
o f  Q.MC d u r i n g  t he  a s s e s s me nt s  of  b u l l  and s t e e r  meat s and p o r k  w h i c h  
had been c a r r i e d  o u t  s i n c e  1 9 7 5 .
In t h e s e  s t u d i e s ,  i n t e r e s t  had been f o c u s s e d  on i d e n t i f y i n g  
d e t e c t a b l e  d i f f e r e n c e s  i n aroma and f l a v o u r  by t he  use o f  t r i a n g l e  
t e s t s  combi ned w i t h  d e t e r m i n i n g  f l a v o u r  p r e f e r e n c e s  as a s s e s s e d  by
p a i r e d  c o mp a r i s o n  t e s t s .
Th e /
- ' ' References a r e  g i v e n  a t  t he  end o f  t h i s  c h a p t e r .
T he mai n aims of  the t r i a l s  d e s c r i b e d  i n t he p r e s e n t  s t u d y  wer e 
t o  e s t a b l i s h  i f  d e t e c t a b l e  d i f f e r e n c e s  i n t h e  aroma and f l a v o u r  o r  
s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e s  wer e p r o du c e d  as a r e s u l t  of  any  of  
t he  f e e d i n g  r egi mes  used i n the ESCA t r i a l s .  I f  d e t e c t a b l e  aroma 
o r  f l a v o u r  d i f f e r e n c e s  wer e  p r e s e n t ,  i t  was a l s o  i m p o r t a n t  t o  d e t e r m i n e  
i f  t h e s e  d i f f e r e n c e s  wer e l i n k e d  i n any way t o  p r e f e r e n c e .  T r i a n g l e  
t e s t s  wer e  used t o  d e t e r m i n e  i f  d i f f e r e n c e s  i n  aroma or  f l a v o u r  d i d  
or  d i d  n ot  e x i s t  between s a mp l e s .  P r e f e r e n c e s  we r e  e s t a b l i s h e d  by 
t he  use o f  p a i r e d  c o m p a r i s o n s .  T h i s  t e c h n i q u e  was s e l e c t e d  i n v i e w  
of  r e s e r v a t i o n s  o f  t h e  Syst ems A n a l y s t  c o n c e r n i n g  some met hods o f  
s t a t i s t i c a l  a n a l y s i s  of  d a t a  d e r i v e d  f rom h e d o n i c  r a t i n g  s c a l e s  and 
because s u b j e c t s  a t  QMC were so e r r a t i c  and i n c o n s i s t e n t  i n t h e i r  
p e r f o r m a n c e  as t o  make i t  u n l i k e l y  t h a t  v a l i d  r e s u l t s  wou l d  be o b t a i n e d  
u s i n g  t h i s  t e c h n i q u e .
I t  was r e c o g n i s e d  t h a t  i n u s i n g  such p r o c e d u r e s  t h a t  i f  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n aroma or  f l a v o u r  we r e  p r o d u c e d  
by a p a r t i c u l a r  f e e d i n g  r e g i m e ,  f u r t h e r  t e s t s  o f  a d i f f e r e n t  t y p e ,  
l i k e l y  t o  be d e s c r i p t i v e  i n n a t u r e ,  wou l d  be r e q u i r e d .  T hu s  t h e  f i r s t  
p r i o r i t y  was t o  d e m o n s t r a t e  i f  d e t e c t a b l e  d i f f e r e n c e s  were p r e s e n t .
O n l y  i f  t h i s  wer e so c o u l d  f u r t h e r  e x p e r i m e n t a t i o n  be j u s t i f i e d .
Many of  the p r e v i o u s  s t u d i e s  o f  t h e  e f f e c t  o f  f e e d i n g  r egi me on 
lamb f l a v o u r  wer e based on wor k p i o n e e r e d  by Cr amer  e t  a l  ( 1 9 6 7 ) .  Many 
l a b o r a t o r i e s  wher e  a s s e s s me nt s  of  lamb f l a v o u r  a r e  made use h e d o n i c  
r a t i n g  s c a l e s  of  v a r i o u s  t y p e s ,  o f t e n  f o l l o w i n g  a s e r i e s  o f  d i f f e r e n c e  
t e s t s .
Ass essment  o f  aroma and f l a v o u r  a r e  based on s c o r e s  l i n k e d  t o  
f a v o u r a b l e  and u n f a v o u r a b l e  c h a r a c t e r i s t i c s .  In t h i s  r e s p e c t  such 
r e s u l t s  a r e  not  as p r e c i s e  as t h e  r e s u l t s  of  d i f f e r e n c e  t e s t s  used in 
t he  p r e s e n t  s t u d y .  
k . /
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4.  P r e s e n t a t i o n  and D e v e l o p me n t  of  t h e  P r e s e n t  S t u d y
A s t u d y  o f  f a c t o r s  i n f l u e n c i n g  meat  f l a v o u r  ( C h a p t e r  2)  
emphasi ses  t he  i m p o r t a n c e  o f  s t a n d a r d i s i n g  p r o c e d u r e s  so t h a t  t he  
o n l y  v a r i a b l e  u nde r  s t u d y  i s  t h a t  of  f e e d i n g  r e g i m e .  F o r  t h i s  r e a s o n ,  
lambs remai ned on t h e i r  r e s p e c t i v e  c r o p s  u n t i l  s l a u g h t e r .
T h e  b a s i s  of  t h e  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  and t h e  p r i n c i p l e s  
of  the s t a t i s t i c a l  t e c h n i q u e s  used in t he  a n a l y s i s  of  d a t a  a r e  
i n d i c a t e d  i n C h a p t e r  3 .
A l t h o u g h  d e t a i l s  of  the methods o f  p r e p a r a t i o n  of  sampl es  f o r  
p r e s e n t a t i o n  t o  t a s t e r s  i n o t h e r  l a b o r a t o r i e s  wer e  a v a i l a b l e ,  i t  was 
c o n s i d e r e d  i m p o r t a n t  t o  d e v i s e  a t e c h n i q u e  w h i c h  w o u l d  r e l a t e  c l o s e l y  
t o  U n i t e d  Ki ngdom consumer  p r a c t i c e  w h i l s t  at  t he same t i me  e n s u r i n g  
c o n t r o l  o v e r  v a r i a b l e s .  T h e  p r o c e d u r e s  w h i c h  wer e  f o l l o w e d  and t h e  
b a s i s  of  t h e i r  s e l e c t i o n  a r e  d i s c u s s e d  i n C h a p t e r  4.
B e f o r e  t he mai n t r i a l s ,  two p r e l i m i n a r y  s t u d i e s  wer e made t o  
d e t e r m i n e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  g i g o t s a n d  loins r o a s t e d  a t  a 
t e m p e r a t u r e  of  177°C.  T h i s  t e m p e r a t u r e  i s 14°C h i g h e r  t han t h a t  used 
i n many o t h e r  l a b o r a t o r i e s .  Four  d i f f e r e n t  i n t e r n a l  t e m p e r a t u r e s  wer e  
s e l e c t e d  t o  e n s u r e  t h a t  sampl es we r e  p r e p a r e d  c o n s i d e r e d  by p a r t i c ­
i p a n t s  t o  be a c c e p t a b l e .  He d o n i c  r a t i n g  s c a l e s  wer e used t o  e s t a b l i s h  
t a s t e r s '  a t t i t u d e  t o  each b a t c h  of  sampl es ( C h a p t e r  5 ) .  From r e s u l t s  
o f  t hese t e s t s  i t  became e v i d e n t  t h a t  r e s p o n s e s  o f  t a s t e r s  i n h e d o n i c r a t i n g  
s c a l e s  showed such v a r i a t i o n  and l a c k  o f  c o n s i s t e n c y  t h a t  i t  was 
c o n s i d e r e d  p r u d e n t  t o  d e v i s e  an a l t e r n a t i v e  f or m of  e x p e r i m e n t a l  
d e s i g n  f o r  the mai n t r i a l s .
T hu s  f o r  t h e  f i r s t  Gr a s s  v e r s u s  Rape t r i a l s ,  ( C h a p t e r  6 ) i t  
was d e c i d e d  t o  c o n c e n t r a t e  on d e t e r m i n i n g  i f  d i f f e r e n c e s  i n aroma and 
f l a v o u r  and c o n s i s t e n t  p r e f e r e n c e  f o r  lamb f rom e i t h e r  f e e d i n g  r egi me 
c o u l d  be d e m o n s t r a t e d .  R e s u l t s  i n d i c a t e d  t h a t  no s t a t i s t i c a l l y  
s i gni  f i  c a n t /
8.
s i g n i f i c a n t  d i f f e r e n c e s  or  p r e f e r e n c e s  wer e  e s t a b l i s h e d  i n t h e s e  t r i a l s .
T h i s  c o u l d  have been a r e s u l t  o f  e i t h e r  poor  p e r f o r m a n c e  by t a s t e r s  or  
because d i f f e r e n c e s b e t w e e n  s a m p l e s ,  i f  p r e s e n t ,  wer e so s ma l l  as t o  be 
u n d e t e c t a b l e .
in v i e w  of  r e s u l t s  d e s c r i b e d  i n C h a p t e r s  5 and 6 , i t  was c o n s i d e r e d  
i m p o r t a n t  t o  assess  s u b j e c t s '  a c u i t y  and t o  c o n f i r m  t h a t  t h e  m e t h o d o l o g y  
d e v i s e d  was a p p r o p r i a t e  t o  t he  aims and o b j e c t i v e s  o f  t h e  s t u d y .  T h u s  
two v e r y  d i f f e r e n t  lamb sampl es wer e  c ompar ed.  Young ( ' s p r i n g ' )  lamb 
f rom b a r l e y  f ed  f e m a l e s  housed i n d o o r s  and s l a u g h t e r e d  a t  f o u r  t o  f i v e  
months was compared w i t h  much o l d e r  t u r n i p  f ed  w e t h e r s  r e a r e d  o u t d o o r s  
and s l a u g h t e r e d  a t  a p p r o x i m a t e l y  ten mo n t h s .  R e s u l t s  o f  t h e s e  t r i a l s  
a r e  d e s c r i b e d  i n C h a p t e r  7.  In a d d i t i o n  a f l a v o u r  p r o f i l e  a n a l y s i s  
was made on g i g o t s  and l o i n s  f rom t h e  f i r s t  b a t c h  o f  g r a s s  and r ape f ed 
sampl es .  F l a v o u r  p r o f i l e s  on t h r e e  sampl es -  two r a p e  and one g r a s s  
fed -  i n d i c a t e d  t h a t  t h r e e  d i f f e r e n t  sampl es  wer e b e i n g  a s s e s s e d  r a t h e r  than 
two f rom one f e e d i n g  r egi me and one f r om a n o t h e r  i n  bot h  g i g o t s  and l o i n s .  T h u s
i t  was n o t  p e r h a p s  s u r p r i s i n g  t h a t  d i f f e r e n c e s  had n o t  been e s t a b l i s h e d  between 
sampl es i n t r i a l s  d e s c r i b e d  i n C h a p t e r  6 . R e s u l t s  of  t r i a l s  d e s c r i b e d  
in C h a p t e r  7 i n d i c a t e d  t h a t  d i f f e r e n c e s  i n aroma and f l a v o u r  bet ween t he  
two sampl es wer e r e a d i l y  e s t a b l i s h e d .  P r e f e r e n c e s  ( o f  s t a t i s t i c a l  
s i g n i f i c a n c e )  wer e  f o r  the o l d e r  lamb.  P r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e  
and i t  i s  t o  be e x p e c t e d  t h a t  c o n s i s t e n t  p r e f e r e n c e  f o r  one sampl e o f  a 
p a i r  w i l l  be d e m o n s t r a t e d  o n l y  i f  one of  them is e i t h e r  e x t r e m e l y  p l e a s a n t  
or  u n p l e a s a n t  i n c o mp a r i s o n  t o  t h e  o t h e r .  Hence t a s t e r s '  a c u i t y  and 
t h e i r  r e sponses  were v i n d i c a t e d  by t h i s  s e r i e s  o f  t r i a l s .
F o l l o w i n g  t he  t r i a l s  d e s c r i b e d  i n C h a p t e r  7 ,  i t  was p o s s i b l e  t o  
r e p e a t  the Gr a s s  v e r s u s  Rape t r i a l s  ( C h a p t e r  8 ) and s t u d i e s  o f  o t h e r  
f o r a g e  c r o p s  ( C h a p t e r  9)  w i t h  g r e a t e r  c o n f i d e n c e  i n b ot h  t he  
e x p e r i m e n t a l /
9.
e x p e r i m e n t a l  d e s i g n  and t a s t e r s '  p e r f o r m e n c e .  T h e  e x p e r i m e n t a l  
d e s i g n  t h e r e f o r e  r emai ned unchanged t h r o u g h o u t  s u b s e q u e n t  t r i a l s .
The o n l y  e x c e p t i o n  was t h a t  aroma a s s e s s me n t s  we r e  d i s c o n t i n u e d  d u r i n g  
t h e  second Gr a s s  v e r s u s  Rape t r i a l s .  S u b j e c t s  had f ound  them so 
e x t r e m e l y  d i s t a s t e f u l  t h a t  t h e y  became r e l u c t a n t  t o  c o n t i n u e  w i t h  
t he t r i a l s .  T h e y  a l s o  sapped c o n f i d e n c e .  Because t h e r e  seemed 
t o  be g r e a t e r  d i f f e r e n c e s  between g r a s s  and r a p e  f ed  sampl es  i n  the 
second s e r i e s  of  t r i a l s ,  i t  was f o r t u n a t e  t h a t  aroma a s s e s s me n t s  
wer e made at  a l a t e r  s t a g e  by BSc s t u d e n t s  of  A g r i c u l t u r e  a t  ESCA.
In C h a p t e r  10,  t o t a l  and e v a p o r a t i v e  w e i g h t s  l o s s e s  and pH
v a l u e s  of  raw and cooked g i g o t s  and l o i n s  a r e  comp a r ed .  S t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  a r e  d e m o n s t r a t e d  between the two c u t s .
F o l l o w i n g  r e s u l t s  of  t h e  d e o i l e d  h e r r i n g  s i l a g e  t r i a l s ,  i t  was 
c o n s i d e r e d  t h a t  d i f f e r e n c e s  i n aroma c o u l d  be d e m o n s t r a t e d  more 
r e a d i l y  i n  raw than in cooked s a mp l e s .  R e s u l t s  of  t h e s e  t e s t s  a r e  
g i v e n  i n C h a p t e r  11 wher e e x p e r i m e n t s  t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  
o f  the c o n t r i b u t i o n  o f  f a t t y  t i s s u e  t o  meat f l a v o u r  a r e  a l s o  d e s c r i b e d .
In C h a p t e r  12,  r e s u l t s  o f  t he  p r e s e n t  s t u d i e s  a r e  d i s c u s s e d  w i t h  
r e f e r e n c e  t o  m e t h o d o l o g y ,  c h o i c e  o f  s e n s o r y  a p p r a i s a l  t e c h n i q u e  and 
s t a t i s t i c a l  a n a l y s i s  of  d a t a i n  r e l a t i o n  t o  s t u d i e s  c a r r i e d  o u t  i n 
o t h e r  l a b o r a t o r i e s .  C o n c l u s i o n s  of  i m p o r t a n c e  t o  f u t u r e  e x p e r i m e n t a l  
programmes and c o n t r i b u t i o n s  t o  f u n d a me n t a l  k n o wl e d g e  a r e  h i g h l i g h t e d .
5.  R e p o r t s  on t h e  E f f e c t s  of  F e e d i n g  Regime on Lamb F l a v o u r  i n
R e l a t i o n  t o  t he  P r e s e n t  S t u d y
F or d  and Par k  ( 1980)  g i v e  an a c c o u n t  of  a programme o f  r e s e a r c h
t o  i n v e s t i g a t e  t h e  f l a v o u r  of  sheep meat  f o l l o w i n g  c o m p l a i n t s  f rom
consumer s i n  N o r t h  A me r i c a  and J a p a n .  T h e y  c o n s i d e r e d  t h a t  d i e t  
i m m e d i a t e l y  p r i o r  t o  s l a u g h t e r  a f f e c t s  lamb f l a v o u r .  Cr amer  e t  al  
( 1 9 6 7 ) /
10.
n .
( 1967)  and S h o r l a n d  ( 1970)  r e p o r t e d  t h a t  g r a z i n g  w h i t e  c l o v e r  ( T r i f o l i u m  
r e p e n s )  p r o d u c e d  lamb o f  more i n t e n s e  f l a v o u r  than p e r e n n i a l  r y e g r a s s  
( L o l i u m  p e r e n n e ) .  Rhodes ( 1 9 7 0 )  w o r k i n g  w i t h  r ed c l o v e r  ( T r i f o l i u m  
p r a t e n e )  c o n s i d e r e d  t h a t  any s l i g h t  d i f f e r e n c e s w e r e  u n l i k e l y  t o  be 
d e t e c t e d  by t h e  consumer .  Rape ( B r a s s i c a  napus L)  was r e p o r t e d  t o  
p r o d u c e  an o b j e c t i o n a b l e  aroma and f l a v o u r  by Par k  e t  al  ( 1 972b)  and 
by Whe e l e r  e t  al  ( 1 9 7 ^ ) .  L u c e r n e  ( Me d i c a g o  s a t i v a )  has a l s o  been 
i m p l i c a t e d  i n  p r o d u c i n g  f l a v o u r  d e f e c t s  by N i c o l  and J a g u s c h  ( 1 97 1 )  
and Par k  e t  al  ( 1972a and 1 9 7 5 ) .  Par k  e t  a l  ( 1 9 7 2 b )  compared t he  
f l a v o u r  o f  lambs g r a z e d  v e t c h ,  rape and o a t s  ( V i c i a  s a t i v a ,  B r a s s i c a  
napus and Avena s a t i v a ) .  T h e s e  t h r e e  c r o p s  p r o d u c e d  meat s  of  d i f f e r e n t  
f l a v o u r  f rom p a s t u r e  f ed  and f e e d l o t  lambs.  Pa r k  and Mi n s o n  ( 1 9 7 2 )  
a l s o  r e p o r t e d  t he  e f f e c t s  o f  t r o p i c a l  legumes on lamb f l a v o u r .  V e s e l y  and 
H i r o n a k a  ( 1976)  i n d i c a t e d  t h a t  lambs f ed  a c e r e a l  d i e t  o f  o a t s  and 
b a r l e y  s u pp l e me n t e d  w i t h  hay p r o du c e d  lamb w i t h  f l a v o u r  s c o r e s  h i g h e r  
than i f  c e r e a l s  a l o n e  wer e u sed.  T h e s e  r e p o r t s  w i l l  be d i s c u s s e d  
more f u l l y  i n  C h a p t e r  12.
6 . P r o t e c t e d  L i p i d  Su pp l e me nt s
M o n o g a s t r i c  a n i m a l s  d e p o s i t  f a t s  w i t h  a f a t t y  a c i d  c o m p o s i t i o n  
s i m i l a r  t o  t h a t  o f  t he d i e t .  T h e  f a t t y  a c i d  c o n t e n t  of  f a t  d e p o t s  of  
r u m i n a n t s  i s  m o d i f i e d  as a r e s u 1 1  o f  m i c r o b i a  1 l y  i nd u c e d  h y d r o g e n a t i o n  
and m e t a b o l i s m  i n t h e  rumen.  F a t t y  a c i d  c o m p o s i t i o n  can however  be 
c o n t r o l l e d  by t h e  use o f  ' p r o t e c t e d '  l i p i d  s u p p l e me n t s  such as f o r m ­
a l d e h y d e  t r e a t e d  s u n f l o w e r  or  s a f f l o w e r / c a s e i n  m i x t u r e s .  T h e  e f f e c t  
of  f e e d i n g  such s u p p l e me n t s  i s  t o  i n c r e a s e  t h e  l i n o l e i c  a c i d  c o n c e n t r a t i o n  
o f  t he  f a t  d e p o t s .  From 1970 onwar ds many d i e t i t i a n s  and n u t r i t i o n i s t s  
f a v o u r e d  a r e d u c t i o n  i n i n t a k e  of  s a t u r a t e d  f a t t y  a c i d s  combi ned w i t h  an 
i n c r e a s e d  i n t a k e  of  p o l y u n s a t u r a t e d  f a t t y  a c i d s .  A l t h o u g h  such 
r ecommendat i ons a r e  at  p r e s e n t  u nd e r  d i s c u s s i o n ,  i t  c o u l d  be a r gu e d  
t h a t /
t h a t  t he use of  p r o t e c t e d  l i p i d  s u p p l e me n t s  wou l d  be of  b e n e f i t  i n 
human n u t r  i t i  o n .
E x p e r i m e n t s  wer e  however  c a r r i e d  o u t  by Par k  e t  a l  f r o m 1974 
onwards w i t h  t he  ai m o f  m o d i f y i n g  t he c h a r a c t e r i s t i c  cooked f l a v o u r  
of  lamb and mut t on i n such a way as t o  make i t  more a c c e p t a b l e  i n 
N o r t h  A me r i c a  and J a p a n .  For d  e t  a l  ( 1 97 5 )  i n d i c a t e d  t h a t  t a s t e  
p a n e l s  p r e f e r r e d  p a s t u r e  f ed  lamb w i t h  i t s  more i n t e n s e  meat y  f l a v o u r  
and l ess  ' u n u s u a l '  aroma t o  p r o t e c t e d  s u n f l o w e r  seed s u p p l e me n t  f ed  
lamb.  Par k  e t  a l  (197*0 i d e n t i f i e d  4 - h y d r o x y d o d e c - c i s - 6  e n o i c  a c i d  
l a c t o n e  as an i m p o r t a n t  aroma component  o f  f a t t y  t i s s u e  i n sheep f ed 
on a l i p i d  s u p p l e m e n t .  Par k  and F o r d  ( 1 97 5 )  r e p o r t e d  t h a t  d e s c r i p t i o n s  
such as ' o i l y '  a p p e ar e d  a f t e r  two weeks s u p p l e m e n t a t i o n  wh er e a s  t he 
d e s c r i p t i o n  ' s w e e t '  was g i v e n  o n l y  a f t e r  t h r e e  weeks.  T h e  ' o i l y '  
c r i t i c i s m  was n o t  o b s e r v e d  i n raw meats and i s  t h o u g h t  t o  a r i s e  d u r i n g  
the c o o k i n g  p r o c e s s  as 2 ,  4 - d e c a d i e n a l  i s  f o r me d .  Meat  f r om s u n ­
f l o w e r  seed based su pp l e me n t  was c r i t i c i s e d  l e s s  t han t h a t  f r om 
s a f f l o w e r  seed ( P a r k  e t  al  1 9 7 6 ) .  T h e  use o f  t h e s e  s u p p l e m e n t s  t o  
m o d i f y  mu t t o n  f l a v o u r  i s  r e p o r t e d  by Pa r k  e t  a l  ( 1 9 7 8 a )  and a s t u d y  
o f  t he ' s w e e t '  f l a v o u r  of  lamb i s  r e p o r t e d  by t h e  same a u t h o r s  ( 1 9 7 8 b ) .
The use o f  f o r m a l d e h y d e  t r e a t e d  w h o l e  f a t  soya beans or  soya f l our  to p r o t e c t  
p o l y u n s a t u r a t e d  f a t s  f r om rumen d e g r a d a t i o n  i s  r e p o r t e d  by A c k e r s o n  e t  
al  ( 1976)  and by J a g u s c h  ( 1976)  on f o r m a l d e h y d e  t r e a t e d  g r o u n d  s u n ­
f l o w e r  s eed.  O t h e r  s t u d i e s  a r e  r e p o r t e d  by W r i g h t  e t  a l  ( 1 9 7 4 ) ,  P u r c h a s  
( 1975)  and G a r r e t t  e t  a l  ( 1 9 7 6 ) .  F or d  and Pa r k  ( 1980)  c o n s i d e r e d  t h a t  
p r o v i d e d  the ' s w e e t '  f l a v o u r  c o u l d  be e l i m i n a t e d ,  t h e  o i l y  f l a v o u r  of  
lamb m i g h t  be more r e a d i l y  a c c e p t a b l e  t o  t h o s e  who l i k e  t he  o i l i n e s s  
of  p or k  and p o u l t r y .  The Head o f  S c i e n c e  D i v i s i o n ,  Meat  I n d u s t r y  
Resear ch I n s t i t u t e  of  New Z e a l a n d  i n d i c a t e d  t h a t  f e e d i n g  o f  p r o t e c t e d  
l i p i d /
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l i p i d  s u p p l e me n t s  had been d i s c o n t i n u e d  i n New Z e a l a n d  ( P e r s o n a l  
c ommu n i c a t i o n  1 9 8 2 ) .  W h i l s t  i t  i s  a p p r e c i a t e d  t h a t  t h e  i n f o r m a t i o n  
i n t h i s  s e c t i o n  was not  o f  d i r e c t  r e l e v a n c e  t o  t h e  p r e s e n t  s t u d y  no 
r e v i e w  of  t he e f f e c t s  of  d i e t a r y  r egi me wou l d  have been c o m p l e t e  
wi t h o u t  i t .
7.  Summa ry
As a r e s u l t  of  c a r e f u l  e x p e r i m e n t a t i o n  i t  has been p o s s i b l e  t o  
show t h a t  none o f  the c r o p s  used in the ESCA s t o r e  lamb t r i a l s  o f  1977 
caused d i f f e r e n c e s  i n t h e  aroma or  f l a v o u r  o f  r o a s t e d  g i g o t s  and l o i n s  
I t  p r o v e d  d i f f i c u l t  t o  d i s t i n g u i s h  bet ween t e s t  and c o n t r o l  sampl es  i n  
a l mo s t  a l l  t r i a l s  even i n t h e  second s e r i e s  c o m p a r i n g  g r a s s  and r a p e .  
W h i l s t  i t  i s  d e s i r a b l e  t h a t  t h e s e  f i n d i n g s  s h o u l d  be c o n f i r m e d  i n v i e w  
of  p r e v i o u s  r e p o r t s  o f  some of  t he  c r o p s  p r o d u c i n g  lamb o f  u n a c c e p t a b l  
f l a v o u r ,  t he p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  t he  consumer  w i l l  n ot  
r e j e c t  lamb f rom any of  t h e s e  f e e d i n g  r e g i me s  p a r t i c u l a r l y  as i t  is 
l i k e l y  t h a t  i t  w i l l  be e at e n  w i t h  acco mp ani me nt s  i n  a s o c i a l  s e t t i n g  
r a t h e r  t han by i t s e l f  i n  t h e  r a t h e r  a r t i f i c i a l  s e t t i n g  o f  a s e n s o r y  
a p p r a i s a l  room.
CHAPTER 2 
Summa r y
A b r i e f  a c c o u n t  of  t he  p e r c e p t i o n  of  f l a v o u r  i s  g i v e n  and some of  
the  p r obl e ms  o f  s t u d y i n g  the c h e m i s t r y  o f  f l a v o u r  in a c omp l e x  f ood 
syst em l i k e  r o a s t e d  meat  ar e  c o n s i d e r e d .  T h e  c o n t r i b u t i o n s  o f  p r e -  
and p o s t  s l a u g h t e r  t r e a t m e n t s  o f  meat  a n i m a l s ,  t h e  e f f e c t s  o f  c o o k i n g  
p r o c e s s e s  and g e n e t i c  e n v i r o n m e n t a l  f a c t o r s  w h i c h  a f f e c t  lamb f l a v o u r  
ar e  d e s c r  i b e d .
Backgr ound of  t h i s  St u dy  of  the E f f e c t s  o f  F e e d i n g  Regime on Lamb
1 . F 1av our
T h e  f l a v o u r  of  f oods  i s a compl ex  b l e n d  of  ar oma,  t a s t e  and a 
c h a r a c t e r i s t i c  known as ' m o u t h f e e l 1. F l a v o u r  p e r c e p t i o n  i s  c o m p l i c a t e d  
in t h a t  f l a v o u r  a n t i c i p a t i o n  i s  a f f e c t e d  by t he  a p p e a r a n c e  o f  f o o d s  and 
by a u d i t o r y  s t i m u l i .  D e t a i l e d  a c c o u n t s  of  p e r c e p t i o n  of  aroma and 
t a s t e  ar e  a v a i l a b l e  in p h y s i o l o g y  and p s y c h o l o g y  t e x t s ,  i n M o n c r i e f f  
( 1 9 5 1 ) ,  A me r i n e  e t  a l  ( 1 9 6 5 ) ,  M o n c r i e f f  ( 1 9 7 0 ) ,  T e r a n i s h i  ( 1 9 7 1 ) ,
Har p e r  ( 1 9 7 2 ) ,  Kare and M a i l e r  ( 1 9 7 7 ) ,  Le Magnen and Ma c l eod  ( 1 9 7 7 ) ,
Cagan and Kare ( 1981)  and in j o u r n a l s  such as T h e  C he mi c a l  Senses 
( f o r m e r l y  Chemi cal  Senses and F l a v o u r ) .  In t he  c o n t e x t  o f  t he  p r e s e n t  
s t u d y  o n l y  e s s e n t i a l  f e a t u r e s  w i l l  be c o n s i d e r e d .
Odour  r e c e p t o r s  a r e  p r e s e n t  in the n a s a l  o l f a c t o r y  e p i t h e l i u m .
Th e y  r espond t o  many s t i m u l i  w h i c h  a r e  d i f f i c u l t  i f  not  i m p o s s i b l e  t o
c l a s s i f y .  T h r e s h o l d  v a l u e s  v a r y  and can be e x t r e m e l y  low -  2 . 8 6  x
~9 ” 9
10 M and 1.12 x 10 M f o r  n - b u t a n o l  and b u t a n o i c  ( B u t y r i c )  a c i d
r e s p e c t i v e l y .  P o s s i b l y  because t h r e s h o l d s  a r e  so low and i n d i v i d u a l s
v a r y  i n t h e i r  r es pons e s  t o  a g i v e n  s t i m u l u s ,  t h e r e  a p p e a r s  t o  be no
g e n e r a l  agr eement  as t o  more p r e c i s e  v a l u e s .  I t  i s  however  a c c e p t e d  
t h a t /
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t h a t  o d o r a n t s  of  a p p r o p r i a t e  c h e mi c a l  c o n f i g u r a t i o n  become bound t o  
r e c e p t o r  s i t e s  i n t he  o l f a c t o r y  e p i t h e l i u m  t h u s  s t i m u l a t i n g  t r a n s m i s s i o n  
of  n e r v o u s  i mp ul s e s  t o  t h e  o l f a c t o r y  b u l b  and t he  o l f a c t o r y  c e n t r e  of the brain 
f o r  i n t e r p r e t a t i o n .  Aroma of  f o o d s  i s  a s s e s s e d  b e f o r e  t h e y  r e a c h  t he 
mout h,  d u r i n g  chewi ng and a t  t he  i n s p i r a t i o n  of  s w a l l o w i n g .  Odour  i s  
t h e  most  i m p o r t a n t  component  of  f l a v o u r .  B l o c k a g e  o f  t he n a s a l  r e c e p t o r s  
p r o du c e s  f oods  w h i c h  t he  consumer  d e s c r i b e s  as ' t a s t e l e s s ' .
T a s t e  p e r c e p t i o n  is l i m i t e d  t o  the t a s t e  buds o f  t h e  t o n g u e  and 
p o s s i b l y  a r ea s  o f  t h e  s o f t  p a l a t e .  T h e r e  a r e  f o u r  p r i m a r y  t a s t e s  -  
s we e t ,  s a l t ,  sou r  and b i t t e r .  Sweet ness i s  d e t e c t e d  most  r e a d i l y  a t  
the t i p  of  the t ongue and b i t t e r n e s s  a t  the back.  S a l t i n e s s  i s  d e t e c t e d  
at  t he  s i d e s  of  t he t ong ue  and s o u r n e s s  a t  t he  s i d e s  t o w a r d s  t he  back.  
P r o t e i n s  have been i s o l a t e d  f r om the t a s t e b u d s  o f  cows and p i g s  w h i c h  
can b i n d  sweet  and b i t t e r  t a s t i n g  m o l e c u l e s .  The  t a s t e  buds a r e  
i n n e r v a t e d  by a br an c h of  the s e v e n t h  c r a n i a l  ( f a c i a l )  n e r v e  in t he  
a n t e r i o r  two t h i r d s  of  the t o n g u e .  T h e  p o s t e r i o r  o f  the t o n g u e  i s  
i n n e r v a t e d  by t h e  g l o s s o p h a r y n g e a l  ( n i n t h )  c r a n i a l  n e r v e .  Common 
s t r u c t u r a l  c h a r a c t e r i s t i c s  of  b i t t e r  t a s t i n g  compounds have been 
s t u d i e d  but  the ABH t h e o r y  d e s c r i b e d  by S h a 1 l e n b u r g e r  ( 1 97 1 )  has h e l p e d  
t o  e x p l a i n  t he  swe e t ness  of  such d i v e r g e n t  compounds as D - a m i n o  a c i d s ,  
s u g a r s ,  s a c c h a r i n ,  a s pa r t a me  and a c e s u l f a m e  p o t a s s i u m .  T a s t e  t h r e s h o l d s  
a r e  h i g h e r  t han odour  t h r e s h o l d s  by v a l u e s  as h i g h  as l o \
' M o u t h f e e 1 ' c o mp r i s e s  f ood t e x t u r e ,  k i n e s t h e t i c  r e s p o n s e s ,  p a i n ,  
t e mp e r a t u r e  and c h e m o r e c e p t i o n  o f  s e n s a t i o n s  d e s c r i b e d  as b i t i n g ,  
m e t a l l i c ,  m o u t h c o a t i n g  and a s t r i n g e n t .  T e x t u r e  can e x e r t  marked e f f e c t s  
both on odour  and t a s t e  p e r c e p t i o n  i n f l u e n c i n g  as i t  does t h e  r e l e a s e  of  
v o l a t i l e  compounds and s o l u t e s .
The /
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The r e a d e r  w i l l  t hus  a p p r e c i a t e  t h a t  f ood f l a v o u r  i s  n ot  synonymous
w i t h  t a s t e  w i t h  t he f o r me r  b e i n g  f a r  w i d e r  i n i t s  i m p l i c a t i o n s  t han t he
l a t t e r .  In s e n s o r y  a p p r a i s a l  w o r k ,  i t  i s a m a t t e r  of  r e g r e t  t h a t  t he
t er ms ar e so o f t e n  i n t e r c h a n g e d .
T he  ch e mi c a l  b a s i s  o f  f ood f l a v o u r s  has r e c e i v e d  e x t e n s i v e  s t u d y .
Th e  de v e l o p me n t  of  modern s o p h i s t i c a t e d  s e p a r a t i o n  t e c h n i q u e s  has been o f  
o n l y  l i m i t e d  v a l u e  in a s t u d y  of  c omp l e x  f ood s y s t e ms  such as me a t s .  
E x t r a c t i o n  p r o c e d u r e s  may be i n c o m p l e t e  or  c ause c h e mi c a l  c h a n g e s ,  r e l a t i v e  
c o n t r i b u t i o n  of  i d e n t i f i e d  component s i s  d i f f i c u l t  t o  e s t a b l i s h  and the 
e f f e c t s  of  m a s k i n g ,  i n t e r a c t i o n  and c o n t r a s t  c a n n o t  be s i m u l a t e d .  
E x p e r i m e n t e r s  r emai n v e r y  d e p e ndent  on human t a s t e r s .
In a d d i t i o n  f oods  a r e  n ot  s i m p l e  aqueous or  o i l y  s y s t e m s .  F l a v o u r  
compounds a r e  embedded i n a h e t e r o g e n e o u s  m a t r i x  of  l i p i d s ,  p r o t e i n s ,  
c a r b o h y d r a t e s ,  w a t e r  and o t h e r  compounds w h i c h  bot h i n f l u e n c e s  t h e i r  
a c t i v i t y  and causes i n t e r a c t i o n s  w h i c h  may a f f e c t  f l a v o u r  p e r c e p t i o n .
Ki ng et  al  ( 1978)  q u o t e  many exampl es r a n g i n g  f r om s i m p l e  l i p i d / w a t e r  
syst ems and r e f e r  t o  v a r y i n g  a b s o r p t i o n  of  f l a v o u r i n g  compounds by 
a q u e o u s l y  d i s p e r s e d  d e n a t u r e d  p r o t e i n s  a c c o r d i n g  t o  t he  p r e s e n c e  o r  
absence of  s o l u t e s  and e m u l s i f i e r s .  W h i l s t  n o t  o f  d i r e c t  r e l e v a n c e  t o  
meat i t s e l f  as opposed t o  meat  as a component  o f  a m e a l ,  t h e  a m y l o s e -  
f r a c t i o n  of  cooked s t a r c h  can a l s o  a b s o r b  f l a v o u r i n g  compounds.
N u r s t e n  ( 1977)  c l a s s i f i e d  f ood s  i n t o  f o u r  g r o u p s  a c c o r d i n g  t o  the 
number o f  compounds r e q u i r e d  t o  s i m u l a t e  f l a v o u r .  T h i s  g r o u p i n g  
( T a b l e  2 . 1 )  i n d i c a t e s  t h e  c o m p l e x i t y  o f  s t u d i e s  o f  t he c h e m i s t r y  of  
meat f l a v o u r .
T a b l e  2.  1/
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B u t t e r  
B o i l e d  P o t a t o e s
C.  I . C o n t r  i b u t o r y  
Compounds
C i t r a i  
B e n z a l d e h y d e
2 ,  3 - b u t a n e d i o n e  E t h a n o l ,  D i m e t h y  1 su 1 p h i de
Meth i o n a 12 - e t h y  1 - 3 - m e t h o x y -  
p y r a z i  ne
Roast  Beef  A v e r y  l a r g e  number  o f  compounds r e q u i r e d
Bread A v e r y  l a r g e  number o f  compounds r e q u i r e d
S t r a w b e r r y  Cannot  be r e p r o d u c e d
C h o c o l a t e  Ca nnot  be r e p r o d u c e d
wher e Cl = c h a r a c t e r  i mpact  compound,  i . e .  a s i n g l e  s u b s t a n c e  on w h i c h  
the f l a v o u r  of  a f ood l a r g e l y  depends.
N u r s t e n  r e c o g n i s e d  t h a t  such a c l a s s i f i c a t i o n  i s  c o n t r o v e r s i a l  and o v e r ­
s i m p l i f i e d  but  c o n s i d e r e d  t h a t  i t  dr aws a t t e n t i o n  t o  t h e  p r o b l e m s  of
i d e n t i f y i n g  t he  c h e m i s t r y  of  meat  f l a v o u r .
In 1972,  Rhodes p u b l i s h e d  T h e  C h e m i s t r y  of  Meat  F l a v o u r  ( Meat  
Resear ch I n s t i t u t e  Memorandum N o . 2 A ) .  He d r ew a t t e n t i o n  t o  t he d i f f i c u l t y  
i n i d e n t i f y i n g  meat  s p e c i e s  i f  p i e c e s  of  v e r y  l ean t i s s u e  a r e  cooked 
i d e n t i c a l l y  and ar e  s u b s e q u e n t l y  t a s t e d  o r  s m e l l e d  b l i n d .  T h e  same 
d i f f i c u l t y  o c c u r s  i f  w a t e r  e x t r a c t s  a r e  h e a t e d .  F a t t y  t i s s u e  when he a t e d  
pr odu ce d  t y p i c a l  s p e c i e s  aroma but  o n l y  i f  w a t e r  s o l u b l e  component s  wer e
not  f i r s t  removed.  He q u o t e d  Par k e t  a l  ( 1972a and 1 9 7 2 b ) ,  S h o r l a n d  e t
al  ( 1970)  and h i s  own wor k  of  1971.  In t h e  f i r s t  t h r e e  s t u d i e s ,  i t  is 
s u gg e s t e d  t h a t  compounds p r e s e n t  i n  f o r a g e  f e e d s  wer e  d e p o s i t e d  i n  lamb
f a t .  T h i s  was not  so i n h i s  own w o r k .  F u r t h e r  c o n s i d e r a t i o n  was a l s o
g i v e n  t o  t he  r o l e  o f  f a t  i n meat  f l a v o u r  l a t e r  i n t h e  Memorandum.
In 1978 Rhodes a g a i n  dr ew a t t e n t i o n  t o  t h e  w a t e r  s o l u b l e  component s
of  f a t t y  t i s s u e  r e g r e t t i n g  t h a t  Chang and P e t e r s o n  ( 1 97 7 )  had not
c o n s i d e r e d  t h e i r  c o n t r i b u t i o n  t o  meat  f l a v o u r .  He a l s o  a ckn o wl e d g e d  
t h a t  /
t h a t  g r e a t e r  a n a l y t i c a l  r e s o u r c e s  in i d e n t i f y i n g  component s  of  meat  
f l a v o u r  w h i c h  a r e  p r e s e n t e d  s i m u l t a n e o u s l y  a t  t h e  o l f a c t o r y  c e n t r e  have 
not  e x p l a i n e d  t h e  c h e mi c a l  b a s i s  of  o l f a c t i o n .  He c o n s i d e r e d  t h a t  meat s ar e
t oo  v a r i a b l e  and t o o  much i n f l u e n c e d  by p o s t  s l a u g h t e r  r i p e n i n g  
c o o k i n g  p r o c e d u r e s  f o r  f l a v o u r  p r o f i l e  a n a l y s i s  t o  be as s u c c e s s f u l  
as i n more s i m p l e  food s y st ems .  Some o f  t h e s e  p r o b l e ms  a r e  a l s o  
c o n s i d e r e d  by P a t t e r s o n  i n Paul  and Pal mer  ( 1 9 7 2 ) ,  C o l e  and L a w r i e  
( 1 9 7 5 ) ,  L a w r i e  ( 1 9 7 9 ) ,  Wasserman ( 1979)  and more r e c e n t l y  by 
Mot t r a m ( 1 9 8 3 ) .  T he  c o n t r i b u t i o n  o f  f a t  t o  meat  f l a v o u r  was 
i n v e s t i g a t e d  i n the p r e s e n t  s t u d i e s  and w i l l  be c o n s i d e r e d  i n more 
d e t a i l  in C h a p t e r s  11 and 12.
2.  T he  c o n v e r s i o n  of  mu s c l e  t o  meat  has i m p o r t a n t  i m p l i c a t i o n s  f o r
e a t i n g  q u a l i t y .  D i f f e r e n t i a t i o n  of  t h e  t er ms m u s c l e  and meat has 
per hap s  been i n s u f f i c i e n t l y  e mp h a s i s e d .  W h i l s t  d e f i n i n g  meat  as s t r i a t e d  
muscl e  t i s s u e ,  i t  s h o u l d  be r e c o g n i s e d  t h a t  b i o c h e m i c a l  and b i o p h y s i c a l  
changes i n i t i a t e d  at  s l a u g h t e r  c ause c o n s i d e r a b l e  d i f f e r e n c e s  i n c h e m i s t r y  
and s t r u c t u r e  of  t he  t i s s u e .  T h e s e  changes e x e r t  a p r o f o u n d  e f f e c t  
d u r i n g  t he  c o o k i n g  p r o c e s s .
D e s p i t e  d e a t h  of  t he  a n i m a l ,  t i s s u e  a c t i v i t y  c o n t i n u e s  u nd e r  l o c a l  
c o n t r o l .  In muscl e  t i s s u e ,  e n e r g y  i s  r e q u i r e d  t o  m a i n t a i n  t e m p e r a t u r e  
and c e l l u l a r  i n t e g r i t y .  A t  s l a u g h t e r ,  b l ood  c i r c u l a t i o n  c e a s e s .  A e r o b i c  
t i s s u e  r e s p i r a t i o n  by t he  c y t o c h r o m e  enzyme s y s t e m c o n t i n u e s  f o r  a v e r y  
l i m i t e d  p e r i o d  as oxygen s u p p l y  f a i l s .  T h u s  i n v i v o  r e s y nt hy s i s o f  ATP 
f rom c r e a t i n e  p hos p h a t e  w h i c h  i s  i t s e l f  r e s y n t h e s i s e d  by t he  o x i d a t i o n  
of  g l u c o s e  and f a t t y  a c i d s  c e a s e s .  My o s i n  A T P - a s e  and s a r c o p l a s m i c  
A T P - a s e  a c t i v i t y  l ower  ATP c o n c e n t r a t i o n  w i t h  c o n s e q u e n t  r e l e a s e  o f  
i n o r g a n i c  p h o s p h a t e .  T h i s  s t i m u l a t e s  a n a e r o b i c  g l y c o l y s i s  u n t i l  at  
a pH o f  5 . A -  5<5 -  t he u l t i m a t e  pH -  enzyme a c t i v i t y  i s  i n h i b i t e d .
ATP/
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ATP d i s a p p e a r s  f rom t h e  t i s s u e .  T h e  o n s e t  o f  r i g o r  i s  e s t a b l i s h e d  
c o i n c i d i n g  w i t h  t he  f o r m a t i o n  o f  t h e  a c t o m y o s i n  c o mp l e x .  T h e  
c o n c e n t r a t i o n  of  l a c t i c  a c i d  p r o d u c e d  as a r e s u l t  of  g l y c o l y s i s  
v a r i e s  f rom 90 -  12 0 //°nnoles/g. Ra t e  and e x t e n t  o f  f a l l  i n  pH v a r i e s  
w i t h  e n v i r o n m e n t a l  t e m p e r a t u r e ,  s p e c i e s ,  t y p e  o f  m u s c l e  and p r e ­
s l a u g h t e r  t r e a t m e n t s .  G l y c o g e n  may s t i l l  be p r e s e n t  i n t h e  t i s s u e  
a t  t he o n s e t  of  r i g o r .
F a l l  i n pH i s  accompani ed by l o we r  w a t e r  b i n d i n g  c a p a c i t y  ( W B C ) . 
U l t i m a t e  pH b r i n g s  mu s c l e  p r o t e i n s  c l o s e r  t o  t h e i r  i s o e l e c t r i c  p o i n t .  
D é n a t u r a t i o n  of  s a r c o p l a s m i c  p r o t e i n s  combi ned w i t h  p r e c i p i t a t i o n  on 
m y o f i b r i l l a r  a c t o m y o s i n  a l s o  l ower s  WBC. Ammonia and p h o s p h a t e  a r e  
r e l e a s e d  f rom a d e n o s i n e  d i p h o s p h a t e  w i t h  t h e  f o r m a t i o n  o f  i n o s i n e  5'  
monophosphat e.  T h i s  n u c l e o t i d e  has f l a v o u r  m o d i f y i n g  and e n h a n c i n g  
p r o p e r t i e s  and may t hus  i n f l u e n c e  meat  f l a v o u r  as w e l l  as e m p h a s i s i n g  
mo u t h f e e l  c h a r a c t e r i s t i c s .  I n o s i n e  5 ' monophos phat e  may be f u r t h e r  
d e gr aded t o  f orm h y p o x a n t h i n e  -  i t s e l f  a f l a v o u r i n g  compound -  and 
r i b o s e ,  w h i c h ,  a l t h o u g h  p r e s e n t  o n l y  i n low c o n c e n t r a t i o n s  can t a k e  
p a r t  in M a i l l a r d  and c a r a m é l i s a t i o n  r e a c t i o n s  d u r i n g  t h e  c o o k i n g  
p r o c e s s ,  t hus  a f f e c t i n g  f l a v o u r .
C o l l a g e n  and e l a s t i n  a r e  b e l i e v e d  t o  be u n a f f e c t e d  by c o n d i t i o n i n g .  
W h i l s t  the m y o f i b r i l l a r  p r o t e i n s  become d e n a t u r e d ,  t h e  a c t o m y o s i n  compl ex  
r emai ns a l t h o u g h  t h e r e  i s  some d e t a c h me n t  of  t h e  a c t i n  f i l a m e n t s  a t  t h e  
Z band.  D e n a t u r e d  p r o t e i n s  a r e  more s u s c e p t i b l e  t o  h y d r o l y s i s  by 
c a t h e p s i n s ,  thus  p r o d u c i n g  p e p t i d e s  and ami no a c i d s  many of  w h i c h  c o n f e r  
f l a v o u r  as w e l l  as t a k i n g  p a r t  i n  M a i l l a r d  r e a c t i o n s .  In t h e  p r e s e n c e  
of  i r o n ,  l i p o x i d a s e s  may be a c t i v e  as a r e  l i p a s e s .  G l u c o s e  c o n c e n ­
t r a t i o n  i n c r e a s e s  as a r e s u l t  of  c/ - amyl ase a c t i v i t y  i f  g l y c o g e n  r e ma i n s  
in t h e  t i s s u e .  I t s  p o s s i b l e  r o l e  i n p r o d u c t i o n  o f  f l a v o u r  compounds 
is s i m i l a r  t o  t h a t  o f  r i b o s e .  Ammoni a,  h y d r o g e n  s u l p h i d e ,  a c e t a I d e h y d e , 
a c et one /
19.
a c e t o n e ,  d i a c e t y l  and many o t h e r  compounds a s s o c i a t e d  w i t h  f ood f l a v o u r  
have a l s o  been i s o l a t e d  f r om r i pened me a t .
T h e s e  cha ng es  a r e  d e s c r i b e d  i n many s t u d i e s  and t h e  r e a d e r  i s  
r e f e r r e d  i n p a r t i c u l a r  t o  L a w r i e  ( 1966 and 1 9 7 9 ) .
3.  In C h a p t e r  k, some a s p e c t s  o f  the c o o k i n g  p r o c e s s  on lamb f l a v o u r  
a r e  c o n s i d e r e d .  In p a r t i c u l a r ,  c o mp a r i s o n  was made o f  f l a v o u r  
d i f f e r e n c e s  in meat s cooked by d r y  and m o i s t  me t h o d s .  P a t t e r s o n
( 1975)  r e v i e w s  s t u d i e s  o f  t h e  c h e m i c a l  b a s i s  o f  meat  f l a v o u r .
P a r r y  ( 1970)  r e p o r t e d  t h a t  raw meat s have a f a i n t  aroma and an i n s i p i d  
s a l t y  and m e t a l l i c  f l a v o u r .  C o o k i n g ,  w i t h  i t s  c o n s e q u e n t  changes in 
p r o t e i n s ,  l i p i d s  and o t h e r  compounds c auses  t he  d e v e l o p me n t  o f  t y p i c a l  
meat f l a v o u r s .  T h e  c o n t r i b u t i o n  o f  f a t t y  t i s s u e  t o  f l a v o u r  i s 
c o n s i d e r e d  in C h a p t e r  11 of  t h i s  s t u d y .  I t  seems l i k e l y  however  t h a t  
f l a v o u r  p r e c u r s o r s  a r e  p r e s e n t  i n  bot h f i b r e s  and f a t t y  t i s s u e .
P a t t e r s o n  ( 1975)  and L a w r i e  ( 1 97 9 )  d e s c r i b e  e x p e r i m e n t s  in w h i c h  
l y o p h i l i s e d  beef  s l u r r y  was he a t e d  a t  100°C (10 ' ’mm H g ) .  Low b o i l i n g  
p o i n t  v o l a t i l e s  such as ammoni a,  m e t h y l a m i n e ,  h y d r o g e n  s u l p h i d e ,  
me t h y l  m e r c t p t a n ,  f o r m a l d e h y d e  and a c e t a l d e h y d e  wer e i s o l a t e d .  W h i l s t  
d i s a g r e e a b l e  i n h i g h e r  c o n c e n t r a t i o n s ; i n t r a c e s  t h e y  may be a c c e p t a b l e  
component s of  f ood f l a v o u r .  Most  w i l l  v o l a t i l i s e  d u r i n g  t h e  c o o k i n g  
p r o c e s s .  T h e  h i g h e r  b o i l i n g  p o i n t  f r a c t i o n  i n c l u d e d  l a c t a t e ,  a l c o h o l s  
and a l d e h y d e s  and had a p r on ou nc e d  meat y  oroma.  M a i l l a r d  and 
c a r a m é l i s a t i o n  r e a c t i o n s  have an i m p o r t a n t  c o n t r i b u t i o n  p a r t i c u l a r l y  
in d r y  methods of  c o o k e r y .  C a r b o n y l s ,  h e t e r o c y c 1i cs  such as p y r a z i n e s ,  
f u r a n s  and p y r o l l e s  and a v a r i e t y  of  s u l p h u r  compounds and p o s s i b l e  5 ' 
r i b o n u c l e o t i d e s  ( p r e s e n t  i n r i p e n e d  t i s s u e )  may combi ne t o  c o n f e r  meat 
f l a v o u r .
F a c t o r s  a s s o c i a t e d  w i t h  t he  l i v i n g  a ni mal  wh i c h  i n f l u e n c e  f l a v o u r
a r e/
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a r e  w e l l  document ed Paul  and Pal mer  ( 1 9 7 5 ) ,  P a t t e r s o n  ( 1 9 7 7 ) ,  S i nk
( 1979)  and F o r d  and Par k  ( 1 9 8 0 ) .  Hence t h e y  w i l l  be ou 1 1 i ned on 1 y 
b r i e f l y  i n t h i s  s t u d y .  F a c t o r s  o f  m a j o r  i m p o r t a n c e  w i l l  be d e s c r i b e d  
under  the h e a d i n g s  g e n e t i c  and e n v i r o n m e n t a l .
G e n e t i c  F a c t o r s :  S p e c i e s
As i n d i c a t e d  i n an e a r l i e r  s e c t i o n  of  t h i s  c h a p t e r ,  a l t h o u g h  meat  
f l a v o u r  i s  s p e c i e s  d e p e n d e n t ,  most  s t u d i e s  have i m p l i c a t e d  t h e  f a t  
r a t h e r  t h a n  t h e  lean comp on e nt .  D i f f e r e n c e s  a r e  l i k e l y  t o  a r i s e  
t h r o u g h  g e n e t i c  c o n t r o l  of  l i p i d  c o m p o s i t i o n  and m e t a b o l i s m .  F a t t y  
a c i d s ,  t r i g l y c e r i d e s  and p h o s p h o l i p i d s  or  t h e i r  d e r i v a t i v e s  may be o f  
s i g n i f i c a n c e :  H o r n s t e i n  and Crowe ( 1 9 6 4 ) ,  Pear son e t  a l  ( 1 9 7 3 ) .
S t u d i e s  on t he  q u a n t i t a t i v e  g e n e t i c  a s p e c t s  a r e  f ew and r e s u l t s  a r e  
v a r  i a b l e .
Breed
T h e r e  a r e  few and s o m e t i m e s c o n f 1 i c t i n g  r e p o r t s  of  t h e  e f f e c t s  of  
br eed and s i r e  on sheep meat f l a v o u r  even f r om t h e  same l a b o r a t o r i e s  
( F o r d  and Par k 1 9 8 0 ) .  Woodhams e t  al  ( 1966)  r e p o r t e d  no i n f l u e n c e  
of  s i r e  on lamb f l a v o u r .  Cr amer  e t  a l  ( 1970)  s c o r e d  i n t e n s i t y  of  
mut t on f l a v o u r  f rom R a m b o u i l l e t ,  T a r g h e r  and C o l u mb i a  lambs.
O b j e c t i o n a b l e  f l a v o u r  i n c r e a s e d  w i t h  f i n e n e s s  o f  w o o l .  T h e r e  was a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between br ee ds  ( p <0 . 0 l ) .  However  
in a second e x p e r i m e n t  t h e s e  w o r k e r s  c o u l d  not  r e p e a t  t h e s e  r e s u l t s .
T h i s  m i g h t  be e x p l a i n e d  by f e e d i n g  p r a c t i c e .  In t h e  second e x p e r i m e n t  
lambs were f ed t o g e t h e r  f o r  75 days p r e s l a u g h t e r .  In t h e  f i r s t  
e x p e r i m e n t  t h i s  was n ot  so.  D i e t s  c o u l d  t hus  have d i f f e r e d .  V e s e l y  
and H i r o n a k a  ( 1 9 7 6 ) r e p o r t e d  t h a t  n e i t h e r  br eed nor  sex had an e f f e c t  
on f l a v o u r  s c o r e s .  D r a n s f i e l d  e t  a l  ( 1 97 8 )  d e m o n s t r a t e d  t h a t  s i r e  
and/
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and br ee d  had no i n f l u e n c e  on lamb f l a v o u r .  F or d  and Pa r k  ( 1980)  
r e p o r t  c o n f l i c t i n g  r e s u l t s  of  e x p e r i m e n t s  on t he  e f f e c t  of  br eed by
Cramer  e t  a l  ( 1 9 7 0 ) .
S e x .
Most  r e p o r t s  on f l a v o u r  r e f e r  e i t h e r  t o  p o r k  or  t o  d i f f e r e n c e s  
in b u l l  and s t e e r  me a t s .  F o r d  e t  al  (1972 u n p u b l i s h e d )  f a i l e d  t o  
e s t a b l i s h  d i f f e r e n c e s  in lamb f l a v o u r  a r i s i n g  f r om e i t h e r  sex o r  
b r e e d .  W i l s o n  e t  al  ( 1 97 0 )  r e p o r t e d  no d i f f e r e n c e  i n o r g a n o l e p t i c  
t r a i t s  between r a m s , c r y p t o r c h i d s  and w e t h e r s .  C o r b e t t  e t  a l  ( 1973)  
i n d i c a t e d  t h a t  d e m o n s t r a b l e  f l a v o u r  d i f f e r e n c e s  between chops f rom 
c r y p t o r c h i d s , w e t h e r s  and f e m a l e s  d i d  not  a f f e c t  p r e f e r e n c e .  B a t c h e r  
e t  a l  ( 1 9 6 9 ) i n d i c a t e d  t h a t  b r o t h s  p r e p a r e d  f rom some rams d i f f e r  in 
f l a v o u r  f r om w e t h e r s .  Mi s o c k  e t  a l  ( 1972)  d e m o n s t r a t e d  h i g h e r  s c o r e s  
of  s t a t i s t i c a l  s i g n i f i c a n c e  f r om w e t h e r s  as compared w i t h  rams of  t h r e e  
d i f f e r e n t  s l a u g h t e r  w e i g h t s .  However ,  U s bo r n e  ( 1 9 6 1 ) ,  Rhodes ( 1969 
and 1 9 7 0 ) ,  J e r e m i a h  et  a l  ( 1 9 7 2 ) ,  J a c o b s  e t  a l  ( 1 9 7 2 ) ,  V e s e l y  ( 1973)  
and Wong e t  al  ( 1975)  f ound no f l a v o u r  d i f f e r e n c e s  a t t r i b u t a b l e  t o  
sex.  M e t h o d o l o g i e s  v a r i e d  between l a b o r a t o r i e s  so i t  i s  d i f f i c u l t  t o  
compare t h e s e  c o n f l i c t i n g  f i n d i n g s .  Howe v e r ,  i t  seems l i k e l y  t h a t  t he  
m a j o r i t y  of  consumer s  woul d n o t  be i n f l u e n c e d  by t h e  sex o f  sheep meat .
E n v i r o n m e n t a l  F a c t o r s :  Age
As w i t h  b e e f ,  f l a v o u r  i n t e n s i t y  of  lamb i n c r e a s e s  w i t h  age.  T h i s  
i n c r e a s e  in f l a v o u r  i n t e n s i t y  p a r a l l e l s  i n c r e a s i n g  m y o g l o b i n  c o n c e n ­
t r a t i o n  and p r o b a b l y  r e f l e c t s  changes i n t he  m e t a b o l i s m  o f  compounds 
such as ami no a c i d s ,  p r o t e i n s ,  n u c l e o t i d e s  and l i p i d s .  T h e  l a t t e r  
a ppear  t o  a l t e r  l e s s .  Ki ng  e t  al  ( 1 97 0 )  r e p o r t e d  more d e s i r a b l e  lamb 
f l a v o u r  in y e a r l i n g  and o l d e r  than in young lambs.  T h i s  was a l s o  
not ed in t h e  p r e s e n t  s t u d y  ( C h a p t e r  7 ) .  B a t c h e r  ( 1 9 7 9 ) ,  C a r p e n t e r  e t  
a l  ( 1 97 0 )  and M i s o c k  e t  al  ( 1972)  r e p o r t  t h a t  f l a v o u r  s c o r e s  d e c r e a s e  
as f l a v o u r  i n t e n s i t y  i n c r e a s e s  w i t h  age.  C a r p e n t e r  e t  a l  ( 1 97 0 )  
noted
not ed t h a t  t he  f l a v o u r  o f  young lamb was b l a nd  and t h a t  t he  f l a v o u r  
o f  o l d e r  a n i m a l s  was p r e f e r r e d .  Paul  e t  a l  ( 1 96 4 a)  r e p o r t e d  t h a t  
y e a r l i n g  lamb had s u p e r i o r  f l a v o u r  t o  lamb of  S i  mont hs a t  s l a u g h t e r .  
Che mi c a l  s t u d i e s  o f  f a t t y  t i s s u e  f r om lambs o f  d i f f e r e n t  ages have 
been made by Wong ( 1 9 7 2 )  who l i n k e d  t h e s e  t o  t r i a n g l e  t e s t s  by S i nk  
and C a p o r a s o  ( 1 977)  . Comments about  p r a c t i c e s  in d i f f e r e n t  l a b o r ­
a t o r i e s  in r e l a t i o n  t o  e f f e c t s  o f  sex on f l a v o u r  a p p l y  e q u a l l y  t o  
s t u d i e s  o f  t h e  e f f e c t s  of  age on lamb f l a v o u r .  Wi t h  i n c r e a s i n g  a g e ,  
meats become l e s s  t e n d e r  and i t  is d i f f i c u l t  t o  s e p a r a t e  t h i s  
c h a r a c t e r i s t i c  c o m p l e t e l y  f r om f l a v o u r .
Nut r i t i on
T h e  t y p e  o f  d i e t  and n u t r i e n t  s o u r c e  i n f l u e n c e  f l a v o u r .  W h i l s t  
t h e  amount and t y p e  of  p r o t e i n  has l i t t l e  e f f e c t  on lamb f l a v o u r  t h e r e  
a r e  r e p o r t s  t h a t  t he  amount  and t y p e  o f  l i p i d  has marked e f f e c t s .
Wor ker s  in t he  U n i t e d  S t a t e s ,  A u s t r a l i a  and New Z e a l a n d  have r e p o r t e d  
on t h e  e f f e c t s  of  l i p i d s ,  g r a z i n g  and f o r a g e  c r o p s  on lamb f l a v o u r .
T h e s e  w i l l  be c o n s i d e r e d  in C h a p t e r s  1 and 12 s i n c e  t h e y  f or m t h e  mai n 
t o p i c  o f  t h i s  t h e s i s .  Paul  e t  al  ( 1964)  d i d  not  a l wa y s  i d e n t i f y  such 
d i f f e r e n c e s .
S t r e s s
P r e s l a u g h t e r  s t r e s s  d e p l e t e s  mu s c l e  g l y c o g e n  r e s e r v e s .  T h u s  the 
e x t e n t  o f  p os t mor t e m g l y c o l y s i s  w i l l  be r educed and t h e  pH o f  t he 
r i p e n e d  meat  w i l l  be h i g h e r  t han n o r m a l .  O v i n e  meat f r om w e l l  fed 
u n s t r e s s e d  a n i m a l s  i s  r e p o r t e d  by F or d  and Par k  ( 1 9 8 0 )  t o  have a nor mal  
r ange o f  5 . 4  t o  5 . 8 .  T he i n f l u e n c e  of  u l t i m a t e  pH on w a t e r  h o l d i n g  
c a p a c i t y  and hence j u i c i n e s s  and on m e c h a n i c a l  p r o p e r t i e s  was r e p o r t e d  
by Bouton e t  a l  ( 1 9 7 2 ) .  F or d  e t  a l  (1972 u n p u b l i s h e d )  r e p o r t e d  on 
meat sampl es f rom 108 lambs o f  v a r y i n g  br eed and sex.  Meat s  wer e 
cooked/
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cooked as stewed mi n c e s  and s e r v e d  h o t .  Meat  f l a v o u r  i n t e n s i t y  and 
h e d o n i c  r a t i n g s  o f  f l a v o u r  a c c e p t a b i l i t y  b o t h  showed h i g h l y  s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n  w i t h  u l t i m a t e  pH.  In t h e s e  l a b o r a t o r i e s  h i g h  
s c o r e s  in h e d o n i c  r a t i n g s  a r e  awarded t o  s u p e r i o r  sampl es in c o n t r a s t  
t o  the p r a c t i c e  a t  QMC d e s c r i b e d  in C h a p t e r  3.  Aroma i n t e n s i t y  showed 
a s m a l l e r  but  h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h  u l t i m a t e  pH.
T h u s  i n t e n s i t y  of  lamb f l a v o u r  d e c r e a s e s  w i t h  i n c r e a s i n g  u l t i m a t e  pH 
w i t h  a c o n c u r r e n t  i n c r e a s e  i n n o n - me a t  c h a r a c t e r .  T h e s e  f i n d i n g s  ar e 
of  i n t e r e s t  i n t h a t  aroma i s  t h e  most  s i g n i f i c a n t  component  of  f l a v o u r .
U n p u b l i s h e d  wor k  by M u r r a y  ( 1 9 7 6 ) ,  a l s o  of  CSIRO Meat  Re s e a r c h  
L a b o r a t o r i e s ,  Q u e e n s l a n d ,  i n d i c a t e s  t h a t  g r o s s  changes o c c u r  in t he  
q u a l i t a t i v e  and q u a n t i t a t i v e  c o m p o s i t i o n  of  t h e  f l a v o u r  v o l a t i l e  f r a c t i o n .  
Meaty c h a r a c t e r i s t i c s  of  cooked lamb d e c r e a s e  w i t h  r i s e  i n u l t i m a t e  pH 
t hus p r o d u c i n g  d i f f e r e n t  f l a v o u r  c h a r a c t e r  n o t e s .
I t  w i l l  be of  i n t e r e s t  in t h e  f u t u r e  t o  d e t e r m i n e  i f  pH v a l u e s  of  
g i g o t  and l o i n  sampl es used i n t h e  p r e s e n t  t r i a l s  and w h i c h  showed such 
v a r i a t i o n  had any e f f e c t s  on h e d o n i c  r a t i n g  s c a l e s ,  f l a v o u r  p r e f e r e n c e s  
o r  t he  a b i l i t y  t o  d e t e c t  d i f f e r e n c e s  i n f l a v o u r .
T he  c o m p l e x i t y  of  a s s e s s i n g  lamb f l a v o u r  i s  g r e a t .  T h e  c h e mi c a l  
b a s i s  of  meat  f l a v o u r  has not  y e t  been e s t a b l i s h e d  and i t s  s t u d y  p r e s e n t s  a 
f o r m i d a b l e  u n d e r t a k i n g .  S i n c e  p r e s l a u g h t e r  f a c t o r s ,  c a r c a s s  r i p e n i n g  
and c o o k i n g  p r o c e s s  a l l  e x e r t  so much i n f l u e n c e  on f l a v o u r ,  i t  i s  
p e r h ap s  n ot  s u r p r i s i n g  t h a t  t h e  r e p o r t s  f rom d i f f e r e n t  l a b o r a t o r i e s  on 
lamb f l a v o u r  show such v a r i a t i o n .  However  h i g h l y  t r a i n e d ,  a member 
o f  a t a s t e  p ane l  c a nn o t  be c o n s i d e r e d  t o  be m e r e l y  an i n s t r u m e n t .  T h e s e  
f a c t o r s  combi ned w i t h  what  a p p e a r s  t o  be v a r i a b l e  e a t i n g  q u a l i t y  of  
s t a n d a r d  lamb s a m p l e s ,  pose many p r obl e ms  i n the as s e s s me nt  o f  lamb 




T h e  r a t i o n a l e  of  s e n s o r y  a p p r a i s a l  t e s t s  used t o  a s s e s s  the 
e f f e c t s  o f  f e e d i n g  r e g i me  on lamb f l a v o u r  and t he  r e a s o n s  f o r  t h e i r  
s e l e c t i o n  a r e  e x p l a i n e d .  S t a t i s t i c a l  t e c h n i q u e s  used i n t h e  a n a l y s i s  
of  r e s u l t s  of  s e n s o r y  t e s t s  a r e  i n d i c a t e d  and t h e i r  b a s i s  e x p l a i n e d .  
Some o f  t h e  p o i n t s  h i g h l i g h t e d  w i l l  be c o n s i d e r e d  i n g r e a t e r  d e t a i l  
i n C h a p t e r  12.  W h i l s t  much o f  t h e  d a t a  was a n a l y s e d  w i t h  c o mp u t e r  
s u p p o r t  a change f rom S y s t e m s h a r e  t o  an ICL c omp u t e r  i n 1979 has 
meant t h a t  l a t e r  s t u d i e s  wer e  c a r r i e d  out  by v i s u a l  i n s p e c t i o n  of  
p r i  n t o u t s .
S e n s o r y  A p p r a i s a l  T e c h n i q u e s  and S t a t i s t i c a l  Methods Used i n t h e  
P r e s e n t  S t u d y
I t  was in 19^9 t h a t  Boggs and Hanson made a c r i t i c a l  a p p r a i s a l  
of  t he  a n a l y s i s  o f  f oods  by s e n s o r y  d i f f e r e n c e  t e s t s .  W h i l s t  some 
o f  t h e i r  r e f e r e n c e s  a r e  now o v e r  50 y e a r s  o l d ,  t h e i r  r e v i e w  was 
c o m p r e h e n s i v e  and t h o r o u g h  and p r o v i d e s  an i n t e r e s t i n g  i n s i g h t  i n t o  
t h e  d e v e l o p m e n t  o f  s e n s o r y  a p p r a i s a l  t e c h n i q u e s .  J e l l i n e k  ( 1964)  
made a v e r y  t h o r o u g h  r e v i e w  o f  o d o u r ,  t a s t e  and f l a v o u r  e v a l u a t i o n  
w i t h  s p e c i a l  e mp ha s i s  on d e s c r i p t i v e  t e c h n i q u e s .  A me r i n e  e t  al  
( 1 9 6 5 ) p r o v i d e d  a t e x t  so c o m p r e h e n s i v e  t h a t  i t  r e ma i ns  t h e  s t a n d a r d  
r e f e r e n c e  a l m o s t  20 y e a r s  l a t e r .  In 1968,  ASTM p u b l i s h e d  a s t u d y  
c o r r e l a t i n g  s u b j e c t i v e  and o b j e c t i v e  t e s t i n g  o f  o d o u r  and t a s t e .  In 
t he U n i t e d  Ki ngdom B r i t i s h  S t a n d a r d  BS 5098 ( 1975)  and BS 5929 ( 1980)  
r e f e r  t o  a g l o s s a r y  o f  t e r ms  and m e t h o d o l o g y  r e s p e c t i v e l y .  Meyer  
( 1 9 6 1 ) ,  G r i s w o l d  ( 1 9 6 2 ) ,  Paul  and Pal mer  ( 1 97 2 )  and Ca mp bel l  e t  al
( 198 0 ) r e f e r  t o  t he s e n s o r y  e v a l u a t i o n  ( o r g a n o l e p t i c  a p p r a i s a l )  o f  
f o o d s .  Many s u c c e s s f u l  s ymposi a  have been o r g a n i s e d  w i t h  t h i s  
s u b j e c t /
s u b j e c t  as t he theme.  More r e c e n t l y ,  s t a t i s t i c i a n s  r a t h e r  than 
b e h a v i o u r a l  s c i e n t i s t s  have been c o n c e r n e d  w i t h  t h e  a n a l y s i s  o f  d a t a  
f rom s e n s o r y  a p p r a i s a l  t e s t s .  I n f o r m a t i o n  i s  t h u s  r e a d i l y  a v a i l a b l e  
f rom a v a r i e t y  o f  s o u r c e s .
S e n s o r y  a p p r a i s a l  t e s t s  a r e  c l a s s i f i e d  e i t h e r  as D i f f e r e n c e /  
S i m i l a r i t y  and D e s c r i p t i v e .  T h e r e  i s  some o v e r l a p  between t he two 
c a t e g o r i  e s .
T e s t s  used i n t he  p r e s e n t  s t u d y  and t he  b a s i s  f o r  t h e i r  
s e l e c t i o n  a r e  d i s c u s s e d  b e l ow.
D i f f e r e n c e  t e s t i n g  i s  a v e r y  s e n s i t i v e  method o f  a n a l y s i s  wh i c h  
r e q u i r e s  p r e c i s i o n  i n t e s t  d e s i g n ,  a d m i n i s t r a t i o n  o f  the t e s t  and in 
t h e  a n a l y s i s  o f  r e s u l t s .  S i m p l e  ( T r u e )  d i f f e r e n c e  t e s t i n g  r e q u i r e s  
o n l y  e i t h e r  ' t h e r e  i s  a d i f f e r e n c e 1 o r  ' t h e r e  i s no d i f f e r e n c e '  
r e s p o n s e .  Lack o f  a m b i g u i t y  i n c r e a s e s  o b j e c t i v i t y .  Peryam and 
S c h w a r t z  ( 1 9 5 0 ) ,  L o c k h a r t  ( 1 95 1 )  and BS 5929 ( 1 9 8 0 )  e mp ha s i s e  t h a t  
e s t a b l i s h i n g  t h a t  d i f f e r e n c e s  e x i s t  between sampl es s h o u l d  p r e c e d e  
s t u d i e s  r e l a t i n g  t o  m a g n i t u d e  o r  p r e f e r e n c e .  Gr e g son  ( I 9 6 0 )  
s u g g e s t e d  t h a t  s u b j e c t s  may be more r e ady  t o  e x p r e s s  p r e f e r e n c e  i n 
b o r d e r l i n e  d i s c r i m i n a t i o n s .  T hu s  he c o n s i d e r e d  t h a t  c o n s i s t e n c y  
in two sampl e d i r e c t i o n a l  d i f f e r e n c e  t e s t s  ( P a i r e d  C o mp a r i s on  
P r e f e r e n c e  t e s t s )  may p r o v i d e  b e t t e r  e v i d e n c e  of  d i s c r i m i n a t i o n .
T h e  e x p e r i m e n t e r  c o n t r o l s  t h e  c h a r a c t e r i s t i c s  and a d m i n i s t r a t i o n  
o f  s t i m u l i  and s e l e c t s  t h e  t e c h n i q u e  t o  be u sed.  T h e  c o n t r o l  o f  
s t i m u l i  i s  d i s c u s s e d  i n more d e t a i l  i n  C h a p t e r  4.  R e s u l t s  a r e  
a n a l y s e d  on t he  b a s i s  of  t he  n u l l  h y p o t h e s i s ,  i . e .  t h a t  sampl es do 
not  d i f f e r .  S u b j e c t s  e i t h e r  d e t e c t  o r  do not  d e t e c t  d i f f e r e n c e s .
By s e l e c t i n g  r e s t r i c t i v e  l e v e l s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  T y p e  I 
e r r o r s  a r e  m i n i m i s e d  and by u s i n g  a c u t e ,  r e l i a b l e  j u d g e s ,  i n  t h e  
p r e s e n t  t r i a l s  w e l l  m o t i v a t e d  and e x p e r i e n c e d  t a s t e r s ,  T y p e  I I  
e r r o r s /
26.
e r r o r s  a r e  m i n i m i s e d  p a r t i c u l a r l y  when t he  number  o f  t a s t e r s  i s  h i g h .
T h a t  a d i f f e r e n c e  may a r i s e  by chance a l o n e  i s  i n f l u e n c e d  by 
s t i m u l u s  d i f f e r e n c e ,  t he  number  of  o b s e r v a t i o n s  and v a r i a b i l i t y  
between b o t h  s u b j e c t s  and t r i a l s .  However  as s t i m u l u s  d i f f e r e n c e  
i n c r e a s e s ,  t he p r o b a b i l i t y  t h a t  j u d g e s  w i l l  d e t e c t  d i f f e r e n c e s  
i n c r e a s e s .  The  i n c r e a s e d  p e r c e n t a g e  of  j u d g e s  d e t e c t i n g  d i f f e r e n c e  
between sampl es may be g r e a t e r  i n one t r i a l  t h a n  a n o t h e r .  T hu s  
i n c r e a s e d  p e r c e n t a g e  r e s p o n s e s  a r e  a s s o c i a t e d  w i t h  g r e a t e r  d i f f e r e n c e s  
between s t i m u l i .  T r u e  d i f f e r e n c e  t e s t s  a r e  o n e - t a i l e d  in t h a t  t h e r e  
is o n l y  one c o r r e c t  a n s w e r ,  wher e a s  t w o - s a m p l e  p r e f e r e n c e  t e s t s  ar e 
t w o - t a i l e d  in t h a t  e i t h e r  r e s p o n s e  i s v a l i d .  Wi t h  m e a t s ,  wher e 
homogeneous sampl es a r e  more d i f f i c u l t  t o  a c h i e v e ,  the number  of  
p r e s e n t a t i o n s  s h o u l d  be g r e a t e r  t han in more s i m p l e  f ood syst ems 
such as f r u i t  j u i c e s .
T h e  t w o - s a m p l e  t e s t  s e l e c t e d  f o r  t he p r e s e n t  t r i a l s  was t he  
P a i r e d  Comp a r i s on  ( P r e f e r e n c e )  T e s t .  P r e f e r e n c e  j u d g e me n t  on t he  
b a s i s  of  f l a v o u r  was r e q u i r e d .  T h e  n a t u r e  o f  p o s s i b l e  d i f f e r e n c e s  
a r i s i n g  as a r e s u l t  of  f e e d i n g  r e gi me  c o u l d  n ot  be p r e d i c t e d  in 
a d v a n c e .  Hence t h e  use of  P a i r e d  Comp a r i son  ( D i f f e r e n c e )  t e s t s ,  
wher e a s p e c i f i e d  p r o d u c t  a t t r i b u t e  i s r e q u i r e d ,  was n o t  c o n s i d e r e d  
d e s i r a b l e .  C o m p a r a t i v e  a d j e c t i v e s  such as ' b l a n d e r ' ,  ' s t r o n g e r '  
( G r i d g e ma n  1955;  G r i d g e m a n  1970)  c o u l d  have been i n t e r p r e t e d  
d i f f e r e n t l y  by i n d i v i d u a l  t a s t e r s  and t h e  t er ms s e l e c t e d  m i g h t  have 
been i n a p p r o p r i a t e  t o  d i f f e r e n c e s  between s a mp l e s .  A l e ss  w e l l  
documented v e r s i o n  of  t h e  two sampl e t e s t  in w h i c h  t a s t e r s  ar e  
r e q u i r e d  m e r e l y  t o  s t a t e  i f  two sampl es ar e  the same or  d i f f e r e n t  
( Gr eenhaugh 1970)  was n o t  c o n s i d e r e d  t o  be a p p r o p r i a t e  in t h a t  T y p e  
1 e r r o r s  woul d  have been l i k e l y  t o  a r i s e .
P r e f e r e n c e /
27.
P r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e  i n n a t u r e .  Hence f o u r  r e p l i c a t e d  
p a i r e d  c o m p a r i s o n s  wer e made.  T a s t e r s  were j u d g e d  t o  be c o n s i s t e n t  
i f  e i t h e r  sampl e was p r e f e r r e d  on t h r e e  or  f o u r  o c c a s i o n s .  I t  i s 
o f t e n  assumed t h a t  p r e f e r e n c e  j u d g e m e n t s  a r e  made on a r a t i o n a l  b a s i s  
and t h a t  s u b j e c t s  who show c o n s i s t e n t  p r e f e r e n c e  s h o u l d  a l s o  be a b l e  t o  
i d e n t i f y  d i f f e r e n c e s  between s a m p l e s ,  t h a t  i s  t h a t  t h e y  a r e  
d i s c r i m i n a t o r s .  As i n  t h e  p r e s e n t  s e r i e s  o f  t r i a l s ,  i t  i s  not  o n l y  
d i s c r i m i n a t o r s  b u t  a l s o  n o n - d i s c r i m i n a t o r s  who d e m o n s t r a t e  c o n s i s t e n t  
p r e f e r e n c e .  T h i s  p r o b l e m w i l l  be c o n s i d e r e d  l a t e r  i n  t h i s  c h a p t e r .
S i n c e  t w o - s a m p l e  d i f f e r e n c e  t e s t s  c o u l d  n o t  be used i n t h e s e  
t r i a l s ,  i t  was n e c e s s a r y  t o  use e i t h e r  a t h r e e - s a m p l e  t e s t  o r  a 
t w o - i n - f i v e  t e s t .  At  t he  t i me  o f  t he t r i a l s ,  i t  was b e l i e v e d  t h a t  
t he t r i a n g l e  t e s t  was t he  most commonly used and r e s e a r c h e d  o f  t h e  
t h r e e  d i f f e r e n c e  t e s t s .  In t h e  t r i a n g l e  t e s t ,  t h r e e  sampl es  ar e  
p r e s e n t e d ,  two o f  wh i c h  a r e  i d e n t i c a l .  S u b j e c t s  a r e  r e q u i r e d  t o  
i d e n t i f y  the odd sa mp l e .  T h e  p r o b a b i l i t y  o f  c o r r e c t  i d e n t i f i c a t i o n  
by c hance a l o n e  i s  33^/3%.  D u o - T r i o  t e s t s  may a l s o  be u sed.  One 
s t i m u l u s ,  i d e n t i f i e d  as t h e  s t a n d a r d ,  i s  p r e s e n t e d  f i r s t ,  f o l l o w e d  by 
t wo d i f f e r e n t  s t i m u l i  one of  w h i c h  i s t h e  same as t h e  r e f e r e n c e  
( s t a n d a r d ) .  T h e  s u b j e c t  i s  r e q u i r e d  t o  i n d i c a t e  w h i c h  o f  t he two 
s t i m u l i  is t h e  same as t h e  r e f e r e n c e .  In t h i s  t e s t  the p r o b a b i l i t y  
of  c o r r e c t  i d e n t i f i c a t i o n  by chance a l o n e  i s  50%.  T h u s  t h e  r e ason  
f o r  the g r e a t e r  use of  the t r i a n g e  t e s t  i s p e r h a p s  e x p l a i n e d  
p a r t i c u l a r l y  s i n c e  i t  was c o n s i d e r e d  t o  be t he  most  s t u d i e d  and 
c r i t i c i s e d  o f  a l l  t e s t  d e s i g n s  ( Amer i n e  e t  a l  1 9 6 5 ) .  More r e c e n t l y ,  
the use of  t h e  D u o - T r i o  t e s t  i s  b e i n g  i n v e s t i g a t e d  i n t h a t  more sampl es 
may be a s s e s s e d  at  a s i n g l e  s e s s i o n  w i t h o u t  i n d u c i n g  s e n s o r y  f a t i g u e .
T he power  o f  t h e  two t e s t s  i s a t  p r e s e n t  b e i ng  a s s e s s e d  in t h e  a u t h o r ' s  
l a b o r a t o r y .  T h e r e  i s  a v e r y  good a p p r a i s a l  o f  t he  two t e s t s  by H a r p e r  
i n/
28.
i n Human Senses i n A c t i o n  ( 1 9 7 2 ) .  Sp e n c e r  ( 1 97 9 )  compar ed t he two 
t e s t s  i n a s i n g l e  e x p e r i m e n t .  He i n d i c a t e d  t he  a d v a n t a g e s  o f  the 
D u o - T r i o  and showed i t  t o  be more s e n s i t i v e  than t he  t r i a n g l e  t e s t .
T h e  t w o - i n - f i v e  t e s t  was c o n s i d e r e d  t o  be t oo c o m p l i c a t e d  f o r  use i n 
t he  c o n d i t i o n s  o f  t he p r e s e n t  t r i a l s .
M u l l e r  ( 1 9 7 7 )  r e p o r t i n g  on a s u r v e r y  o f  SCI S e n s o r y  Panel  
members and R e s e a r c h  I n s t i t u t e s  (208 and 10 : r e p l i e s  53 and 7 
r e s p e c t i v e l y )  i n d i c a t e d  t h a t  a s s e s s o r s  o f  meat s do not  u s u a l l y  have 
r e f e r e n c e  sampl es  a v a i l a b l e .  T h e  m a j o r i t y  of  asse s s me nt s  wer e made 
by p a n e l s  o f  one t o  ten p e o p l e  ( 8 7 %) a l t h o u g h  i t  was i n d i c a t e d  t h a t  
most  a s s e s s o r s  a r e  t r a i n e d  by a v a r i e t y  o f  me t h ods .  In b ot h  i n d u s t r y  
and R e s e a r c h  I n s t i t u t e s  t h e  t r i a n g l e  t e s t  was more f r e q u e n t l y  used than 
t h e  D u o - T r i o .  T h e s e  t e s t s  d i f f e r  f r om o t h e r s  r e p o r t e d  i n t h i s  s u r v e y  
in t h a t  t h e y  a r e  used o n l y  t o  d e m o n s t r a t e  i f  d i f f e r e n c e s  do o r  do not  
e x i s t  between sampl es  wh er eas  in most  p r a c t i c a l  s i t u a t i o n 5 s c o r i n q  
o v e r a l l  q u a l i t y  o r  p r o d u c t  a t t r i b u t e s  s e p a r a t e l y  a r e  t h e  most  commonly 
used t e c h n i q u e s .  P a i r e d  c o mp a r i s o n s  and r a n k i n g  t e s t s  wer e  a l s o  u sed.
I t  t h e r e f o r e  seemed t h a t  t he use o f  t r i a n g l e  t e s t s  combi ned w i t h  p a i r e d  
c o mp a r i s o n s  was a p p r o p r i a t e  f o r  t h e  p r e s e n t  s t u d y .  In t r i a n g l e  t e s t s  
p o s i t i o n a l  b i a s  has been r e c o r d e d  ( H a r r i s o n  and E l d e r  1950;  H a r r i e s  
1955;  F r i j t e r s  1977;  M c B r i d e  and L a i n g  1 9 7 9 ) .  T h e  f i n d i n g s  of  
d i f f e r e n t  w o r k e r s  a r e  n o t  a l w a y s  i n a gr e e me n t .  P r e s e n t a t i o n  o f  the 
odd sampl e can o c c u r  in s i x  d i f f e r e n t  a r r a n g e m e n t s .  A l e a r n i n g  e f f e c t  
may o c c u r  when t h e  odd sampl e remai ns  c o n s t a n t  i n a s e r i e s  o f  t r i a l s .  
T h u s  t o  a v o i d  p o s i t i o n a l  b i a s ,  s i x  r a ndomi se d  p r e s e n t a t i o n s  i s  t h e  
p r o c e d u r e  o f  c h o i c e .  T h i s  p r o c e d u r e ,  w h i l s t  a c c e p t a b l e  t o  the 
s t a t i s t i c i a n ,  i s  i m p r a c t i c a b l e  in t e s t i n g  s i t u a t i o n s  such as t h o s e  
d e s c r i b e d  i n C h a p t e r s  6 - 9  o f  t h i s  t h e s i s .
In/
29.
In t h e  d e s i g n  o f  t h e  t r i a l s  d e s c r i b e d  i n  C h a p t e r  6 , i t  was 
c o n s i d e r e d  l i k e l y  t h a t  t he  f l a v o u r  o f  sa mp l e s  f r om r ape f ed  lambs 
woul d d i f f e r  f r om g r a s s  f ed s a mp l e s .  T h u s  f o r  t r i a n g l e  t e s t s  
( ar oma)  o n l y  p r e s e n t a t i o n s  AAB,  ABA and BAA wer e  used w i t h  B b e i n g  
the rape f ed sampl e and A t h e  g r a s s  f ed ( c o n t r o l )  sampl e .  T h r e e  
b a t c h e s  o f  raw and t h r e e  o f  cooked sampl es  wer e  p r e s e n t e d .  T o  
m i n i m i s e  p o s i t i o n a l  b i a s  and p o s s i b l e  l e a r n i n g  e f f e c t s ,  raw sampl es 
wer e a s s e s s e d  i n t r i a l s  2 , 3 and 5 and cooked sampl es  i n t r i a l s  1 ,
4 and 6 . Even t h i s  s e r i e s  o f  p r e s e n t a t i o n s  i n v o l v e d  s n i f f i n g  t he  
c o n t e n t s  of  18 s t o p p e r e d  t u b e s .  A d d i t i o n a l  t r i a l s  c o u l d  have 
f u r t h e r  i n c r e a s e d  t he  p o s s i b i l i t y  o f  s e n s o r y  f a t i g u e .  As w i l l  be 
i n d i c a t e d  i n C h a p t e r  12 t h e  p r o c e d u r e s  p r o v e d  t o  be d i s t a s t e f u l ,  
d i f f i c u l t  and d e s t r u c t i v e  o f  t a s t e r s '  c o n f i d e n c e  i n t h e i r  d i s c r i m i n ­
a t o r y  a b i 1 i t y .
In t a s t i n g  meat s a m p l e s ,  f o u r  p a i r e d  c o m p a r i s o n s  we r e  combi ned 
w i t h  e i t h e r  two o r  f o u r  t r i a n g l e  t e s t s .  Randomi sed a r r a n g e m e n t s  of  
AAB or  BBA wer e used in t h e  t r i a n g l e  p r e s e n t a t i o n s .  T h u s  e i t h e r  14 
o r  20 sampl es wer e  p r e s e n t e d  f o r  a s s e s s me n t .  W h i l s t  r e t a s t i n g  was 
a l l o w e d ,  t h§  p o s s i b i l i t y  o f  c o n f u s i o n  was p o i n t e d  o u t  t o  p a r t i c i p a n t s  
who wer e e n c o u r a g e d  t o  use p a l a t e  c l e a n s e r s .
F r i j t e r s  ( 1 97 9 )  i n d i c a t e s  a p r o b l e m wh i c h  c o u l d  a r i s e  i n  t r i a n g l e  
t e s t s  wher e  A and B sampl es a r e  v e r y  s i m i l a r  i n  f l a v o u r .  T h e r e  w i l l  
be an a r ea  of  o v e r l a p  i n  t h e  nor mal  d i s t r i b u t i o n s  o f  i n t e r n a l  s e n s o r y  
r e s pons e s  a s s o c i a t e d  w i t h  s t i m u l i  A and B. Hence i t  c o u l d  be d i f f i c u l t  
t o  i d e n t i f y  t h e  odd sampl e i n t he  AAB o r  BBA p r e s e n t a t i o n  i f  e i t h e r  of  
the ' i d e n t i c a l '  sampl es  ( s t i m u l i )  o v e r l a p p e d  w i t h  t he  odd sa mp l e .  T h i s  
is p a r t i c u l a r l y  a p r o bl e m w i t h  such a nonhomogeneous f ood as meat 
( L a n d ,  p e r s o n a l  c o m m u n i c a t i o n )  wher e t he p r e p a r a t i o n  of  i d e n t i c a l  
sampl es/
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sampl es i s  so d i f f i c u l t .  T h e  d i f f i c u l t y  of  p r e p a r i n g  i d e n t i c a l  
sampl es was n ot e d  by t h e  e x p e r i m e n t e r  who has f ound  p r e p a r a t i o n  
r e l a t i v e l y  e a s y  w i t h  r o a s t e d  p o r k  but  e x t r e m e l y  d i f f i c u l t  w i t h  
r o a s t e d  lamb ( p a r t i c u l a r l y  g i g o t s )  w i t h  r o a s t e d  be ef  i n an i n t e r ­
m e d i a t e  p o s i t i o n .  T h i s  p r o b l e m  i s  p o s s i b l y  h i g h l i g h t e d  by t he  
f l a v o u r  p r o f i  l e  a n a l y s e s  on t h e  sampl es  f r o m rape and g r a s s  f ed 
lambs ( A p p e n d i x  T a b l e  8 . 1 ) .  T h u s  i t  becomes p o s s i b l e  t o  s u g g e s t  
r e as ons  f o r  t h e  v i o l a t i o n  o f  t h e  a s s u m p t i o n  of  t h e  t r i a n g l e  t e s t ,
i . e .  t he  c o r r e c t  i d e n t i f i c a t i o n  of  t he odd sampl e may be a c h i e v e d  
by chance a l o n e  i n 33^/3% o f  p r e s e n t a t i o n s  w h i c h  was d e m o n s t r a t e d  
i n some o f  t h e  t r i a l s .  I t  c o u l d  be c o n c l u d e d  t h a t  d i f f e r e n c e s  
between s a m p l e s ,  i f  a n y ,  wer e  m a r g i n a l .
I t  had a l w a y s  been the i n t e n t i o n  t o  l i n k  t he  p a i r e d  c o mp a r i s o n  
and t r i a n g l e  t e s t  r e s u l t s  f o r  each s u b j e c t .  In t h i s  s e r i e s  o f  t r i a l s ,  
c o n s i s t e n t  p r e f e r e n c e  was not  a l wa y s  a s s o c i a t e d  w i t h  good p e r f o r m a n c e  
i n t r i a n g l e  t e s t s  ( > 50% c o r r e c t  i d e n t i f i c a t i o n s  o f  the odd s a m p l e ) .
Hence t he  v i e w  t h a t  d i s c r i m i n a t o r s  ( d e f i n e d  as a bov e)  wer e more l i k e l y  
t o  d e m o n s t r a t e  c o n s i s t e n t  p r e f e r e n c e  f o r  e i t h e r  o f  t he two sampl es  was 
c h a l l e n g e d .  G r e e n h a l g h  ( 1970)  i n v e s t i g a t i n g  t h e  e x t e n t  t o  wh i c h  
t r i a n g l e  t e s t s  s u p p r e s s  d i s c r i m i n a t o r y  a b i l i t y  in t a s t e r s ,  not e d  t h a t  
d i s c r i m i n a t o r s  and n o n - d i s c r i m i n a t o r s  wer e a p p r o x i m a t e l y  e q u a l l y  
c o n s i s t e n t  i n  t h e i r  p r e f e r e n c e s .  D e s p i t e  m o d i f i c a t i o n s  i n  h i s  
p r e s e n t a t i o n  t e c h n i q u e s ,  i t  was n ot  p o s s i b l e  t o  m o d i f y  f i n d i n g s .
T h e s e  r e s u l t s  wer e  o b t a i n e d  u s i n g  m e d i c i n e s  o f  d i f f e r e n t  f o r m u l a t i o n .  
Per haps h i s  l ower  c o n f i d e n c e  i n r e s u l t s  o f  t r i a n g l e  t e s t s  c a n n o t  be 
a p p l i e d  t o  comp l e x  f ood syst ems such as r o a s t e d  lamb.  U s i n g  p o t a t o  
and c o r n  c r i s p s ,  Woodward and Schucany ( 1977)  c o n c l u d e d  t h a t  t h e  use 
of  n o n - d i s c r i m i n a t o r s '  p r e f e r e n c e s  t e nded t o  cause c o n v e r g e n c e  i n  t h e  
p r e f e r e n c e /
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p r e f e r e n c e  f o r  a p a r t i c u l a r  sa mp l e .  Howe v e r ,  as a l r e a d y  s t a t e d ,  
t h e  t r i a n g l e  t e s t ,  d e s p i t e  p o s s i b l y  a r t i f i c i a l  c o n s t r a i n t s ,  was 
r e p o r t e d  by M u l l e r  ( i b i d )  t o  be t he  most  commonly used d i f f e r e n c e  
t e s t  a t  t he  t i me o f  t h e s e  t r i a l s .  I t  had p r o v e d  s a t i s f a c t o r y  i n 
i d e n t i f y i n g  d i f f e r e n c e s  i n t h e  e x p e r i m e n t s  o f  1975 and 1976 ( R e l a t e d  
e x p e r i m e n t a l  s t u d i e s ) .
In a d d i t i o n  t o  s u b j e c t i n g  t a s t e r s  t o  t he s t r e s s  o f  such 
e x p e r i m e n t a l  p r o c e d u r e s ,  some w o r k e r s  a l s o  r e q u e s t  them t o  i n d i c a t e  
t he ma g n i t u d e  o f  t h e  d i f f e r e n c e s  between t he odd and i d e n t i c a l  sampl e 
i n t he  t r i a n g l e  t e s t .  In 1975 and 1976,  i n  a s e r i e s  o f  30 t r i a l s ,  
t e s t e r s  a s s e s s e d  d i f f e r e n c e s  i n t h e  aroma o f  s u b c u t a n e o u s  f a t s  f rom 
p i g s  on a d e - o i l e d  h e r r i n g  s i l a g e  r e gi me  f r om mat ched c o n t r o l s ,  by 
the use o f  t r i a n g l e  t e s t s .  T h e y  wer e  r e q u e s t e d  t o  r a t e  d i f f e r e n c e s  
between odd and i d e n t i c a l  sampl es  as 1 s 1 i g h t 1 , 1 m o d e r a t e 1 o r  ' g r e a t 1. 
R e s u l t s  of  t h e s e  t r i a l s  a r e  g i v e n  i n T a b l e  3 . 1 .  I t  s h o u l d  be n ot e d  
t h a t  i n  none o f  t he  t r i a l s  was t h e  b a s i c  a s s u m p t i o n  o f  the t r i a n g l e  
t e s t  v i o l a t e d  and t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were 
d e mo n s t r a t e d  between sampl es  in many of  them.  Responses a r e  s t u d i e d  
in more d e t a i l  i n T a b l e  3 . 2  wher e  t he  t o t a l s  o f  c o r r e c t  and i n c o r r e c t  
r e s p o n s e s  a r e  i n d i c a t e d  t o g e t h e r  w i t h  t he  r e l a t e d  p e r c e n t a g e s  o f  
d i f f e r e n c e s  d e s c r i b e d  as ' s l i g h t '  and ' g r e a t '  r e s p e c t i v e l y .
S i n c e  the number s o f  c o r r e c t / i n c o r r e c t  r e s p o n s e s  v a r i e d ,  i t  was 
n e c e s s a r y  t o  use t h e s e  p e r c e n t a g e s  f o r  p u r p o s e s  o f  c o m p a r i s o n .  As 
mi g h t  have been e x p e c t e d ,  more o f  t h o s e  who i d e n t i f i e d  t he  odd sample 
i n c o r r e c t l y  d e s c r i b e d  d i f f e r e n c e s  as s l i g h t .  T h e r e  was however  a 
wi de r ange o f  r e s p o n s e s  as r e f l e c t e d  i n t h e  S t a n d a r d  D e v i a t i o n s .  For  
t h i s  r eason i t  i s  p r o b a b l y  w i s e  t o  c o n s i d e r  t h a t  t h e r e  was l i t t l e  
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was d e s c r i b e d  as g r e a t .  C o mp a r i s o n s  o f  t h e  two g r o u p s  a r e  shown in 
T a b l e  3 . 3 .
T a b l e  3 - 3  Compar i ng  E s t i m a t e s  of  D i f f e r e n c e s  between Sampl es :
C o r r e c t  and I n c o r r e c t  J u d g e me n t s  i n T r i a n g l e  T e s t s  






C o r r e c t  ^ 5 . 6 1 8 . 1 16. 9 1 1 . 2
I n c o r r e c t  5 ^ . 6 1 ^ . 7 10. 3 7 . 8
F o l l o w i n g  t he  s t u d y  o f  t h i s  d a t a ,  i t  was d e c i d e d  t h a t  t he  
d i s t r a c t i o n  o f  r e q u e s t i n g  t a s t e r s  t o  c a t e g o r i s e  d i f f e r e n c e s  between 
t he odd and i d e n t i c a l  sampl es was u n d e s i r a b l e  p a r t i c u l a r l y  when even 
r e s u l t s  d e m o n s t r a t i n g  d e t e c t a b l e  d i f f e r e n c e s  wer e so i n c o n c l u s i v e .
T hu s  i n  t h e  m a j o r i t y  o f  t r i a l s ,  p a i r e d  c o mp a r i s o n s  ( p r e f e r e n c e )  
and t r i a n g l e  t e s t s  wer e  u sed.  I t  was a l w a y s  r e c o g n i s e d  t h a t  i f  
d e t e c t a b l e  d i f f e r e n c e s  wer e d e m o n s t r a t e d  by t r i a n g l e  t e s t s  t h a t  
f u r t h e r  t e s t s  woul d be r e q u i r e d  t o  d e t e r m i n e  t h e i r  n a t u r e  and 
m a g n i t u d e .  T h e i r  n a t u r e  m i g h t  a l s o  be o f  i m p o r t a n c e  i n r e l a t i o n  
t o  t a s t e r s '  p r e f e r e n c e s .
2.  In a n a l y s i n g  d a t a  f r om t he  p a i r e d  c o mp a r i s o n s  and t r i a n g l e  t e s t s ,
t he  t h e o r e t i c a l  b a s i s  f o r  s t a t i s t i c a l  t e s t s  of  s i g n i f i c a n c e  was based 
on t h e i r  b i n o m i a l  d i s t r i b u t i o n  ( P r i d m o r e  1 9 7 9 ) .  C l a s s i c a l  s t a t i s t i c s  
a r e  based on t he  a s s u m p t i o n  of  n o r m a l i t y  f o r  p o p u l a t i o n s  s a mp l e d.  Non -  
pa r a m e t r i  c . m e t h o d s  a v o i d  t h i s  a s s u m p t i o n  and may be of  g r e a t e r  e f f i c i e n c y  
when r e s u l t s  a r e  n o t  n o r m a l l y  d i s t r i b u t e d  ( H o l l a n d e r  and Wol f e  1 9 7 3 ) .
T he  i m p o r t a n c e  o f  such t e c h n i q u e s ,  w h i l s t  r e c o g n i s e d  by t h e  s t a t i s t i c i a n ,  
is not  w i d e l y  r e c o g n i s e d  by s c i e n t i s t s  o t h e r  than b e h a v i o u r a l  s c i e n t i s t s .  
Many o f  t h e  s e n s o r y  t e s t s  used by t he  f ood s c i e n t i s t  a r e  e q u a l l y  r e l e v a n t  
and a p p r o p r i a t e  t o  t h e  b e h a v i o u r a l  s c i e n t i s t .  Hence i n c r e a s i n g  
c o - o p e r a t  i on/
c o - o p e r a t i o n  between s t a t i s t i c i a n s  and f ood s c i e n t i s t s  i n t h e  d e s i g n
o f  e x p e r i m e n t s  and a p p r o p r i a t e  t e c h n i q u e s  t o  a n a l y s e  d a t a  i s
e n c o u r a g i n g .  M a j o r  d e v e l o p m e n t s  i n non p a r a m e t r i c  s t a t i s t i c s  have
o c c u r r e d  d u r i n g  t he  l a s t  A5 y e a r s .
A speci men r e c o r d i n g  f or m f o r  t he  t e s t s  i s  i n c l u d e d  i n t he
A p p e n d i x  ( T a b l e  6 . 3 ) .  As i n d i c a t e d  i n C h a p t e r  6 , w h i l s t  t h e  same
e r r o r s  when
form was used t o  a v o i d ^ p u n c h i n g  in r e s u l t s  of  t he  t r i a l s ,  t he  a c t u a l
p r e s e n t a t i o n s  t o  t a s t e r s  v a r i e d  f r om s e s s i o n  t o  s e s s i o n  and the aroma
t r i a l s  were c a r r i e d  out  a t  random.  T a b l e  6 . 2  i n d i c a t e s  t h e
e x p e r i m e n t a l  d e s i g n .  P r o b a b i l i t i e s  wer e c a l c u l a t e d  i n t r i a n g l e  t e s t s
on t h e  b a s i s  t h a t  a t r i a l  i s  one s e t  o f  e i t h e r  t wo ,  t h r e e  o r  f o u r
t r i a n g l e  t e s t s .  Each j u d g e m e n t ,  h a v i n g  a one i n t h r e e  chance o f  b e i ng
c o r r e c t ,  c a n n o t  however  be r e g a r d e d  as an i n d e p e n d e n t  e v e n t  s i n c e  each
s u b j e c t  c a r r i e d  o u t  t he  p r o c e d u r e  u s i n g  t he  same sampl es on more than
one o c c a s i o n .  R e p l i c a t i o n s  a l l o w e d  c o mp a r i s o n s  o f  a s s e s s o r s '
p e r f o r m a n c e  t o  be made ( P r i d m o r e  1979 i b i d ) .
For  bot h  p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s ,  on t h e  n u l l
h y p o t h e s i s ,  r e s u l t s  a r e  b i n o m i a l l y  d i s t r i b u t e d .  T h u s  t he  o b s e r v e d
2
and e x p e c t e d  f r e q u e n c i e s  may be compar ed.  V a l u e s  o f  x  w i t h  df
(K -  1 ) a r e  c a l c u l a t e d .  S t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e s
and d i f f e r e n c e s  i n f l a v o u r  and aroma co u l d  t hus  be d e t e r m i n e d .
T h e  K o l m o g o r o v - S m i r n o v  one sampl e t e s t  was used t o  s t u d y  d i f f e r e n c e s  
i n the o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s .  T h i s  t e s t  i s  c o n c e r n e d  w i t h  
t he d e g r e e  o f  agr e e me nt  between t h e  sampl e s c o r e s  and t h e o r e t i c a l  
f r e q u e n c i e s ,  t h a t  i s ,  i t  i s  a t e s t  o f  goodness of  f i t .  I t  d e t e r m i n e s  
i f  sample s c o r e s  a r e  drawn f rom a p o p u l a t i o n  h a v i n g  t he  same t h e o r e t i c a l  
d i s t r i b u t i o n .  T h i s  t e s t  s h o u l d  be d i s t i n g u i s h e d  f rom t h e  K o l m o g o r o v -  
Smi rnov two sampl e t e s t  wh i c h  i s  c o n c e r n e d  w i t h  t h e  agr eement  between 
the/
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t h e  d i s t r i b u t i o n  o f  two s e t s  o f  sampl e v a l u e s  r a t h e r  than c o mp a r i s o n
w i t h  a t h e o r e t i c a l  d i s t r i b u t i o n .  L i t e r a t u r e  s t u d i e s  s u g g e s t s  t h a t
t h e  t w o - s a m p l e  t e s t  i s  more f r e q u e n t l y  s t u d i e d  and u s e d .  B i o m e t r i k a
T a b l e s  f o r  S t a t i s t i c i a n s ,  Vol ume 2 ,  1972 r e p r i n t e d  w i t h  c o r r e c t i o n s
( 1 9 7 6 ) ,  p r o v i d e s  o n l y  t a b l e s  r e l a t e d  t o  the two sampl e t e s t .  P r a t t
and Gi b b o ns  ( 1 9 8 1 )  i n d i c a t e  t h a t  t h e  o n e - s a m p l e  t e s t  can be used
e i t h e r  t o  t e s t  t he  n u l l  h y p o t h e s i s  u s i n g  c u m u l a t i v e  d i s t r i b u t i o n
f u n c t i o n s  ( c . d . f )  o r  t o  d e t e r m i n e  c o n f i d e n c e  r e g i o n s .  I t  d i f f e r s  
2
f rom P e a r s o n s ' s  x  g oodness  of  f i t  t e s t  i n t h a t  i t  d e t e r m i n e s  
c u m u l a t i v e  r a t h e r  t han c e l l  f r e q u e n c i e s .  T h e  s e c t i o n  i n t h e i r  t e x t
i s b r i e f  i n c o mp a r i s o n  t o  t h e  i n f o r m a t i o n  on t h e  t w o - s a m p l e  t e s t .
C u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n s  of  t h e  t h e o r e t i c a l  and 
o b s e r v e d  v a l u e s  a r e  compar ed.  T h e  p o i n t  of  g r e a t e s t  d i v e r g e n c e ,  
known as t he  maximum d e v i a t i o n  ( D ) , i s  d e t e r m i n e d .  C r i t i c a l  v a l u e s  
of  D f o r  d i f f e r i n g  s i z e s  o f  sampl e ( N)  a r e  i n d i c a t e d  i n T a b l e  E 
(Si  e g e l  1 9 5 6 ) .
T o  c a r r y  o u t  t he  t e s t ,  a t a b l e  i s  c o n s t r u c t e d  i n d i c a t i n g  t he  
f o l l o w i  n g :
F = number  o f  s u b j e c t s  i n a p a r t i c u l a r  c a t e g o r y
F o ( X )  = t h e o r e t i c a l  c u m u l a t i v e  d i s t r i b u t i o n  of  s c o r e s
S n ( X )  = c u m u l a t i v e  d i s t r i b u t i o n  of  o b s e r v e d  s c o r e s
F o ( X )  -  S n ( X )  f o r  each c a t e g o r y  i s t hen c a l c u l a t e d .  The  v a l u e
of  D is t h us  i d e n t i f i e d .  I f  t h i s  v a l u e  o f  D i s  t he  same as o r  e xceeds
the c r i t i c a l  v a l u e  o f  D i n T a b l e  E t he  n u l l  h y p o t h e s i s  may be r e j e c t e d .
T he  K o l m o g o r o v - S m i r n o v  o n e - s a m p l e  t e s t  t r e a t s  i n d i v i d u a l
2
o b s e r v a t i o n s  s e p a r a t e l y .  In t h e  x  t e s t  i n f o r m a t i o n  may be l o s t  by 
g r o u p i n g  c a t e g o r i e s  w i t h  c o n s e q u e n t  l oss  o f  s e n s i t i v i t y .  T h u s  i n 
c e r t a i n  c o n d i t i o n s  t he K o I m o g o r o v - S m i r n o v  t e s t  may be t he  more p o w e r f u l  
t e s t . /
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t e s t .  S h o u l d  t h e  n u l l  h y p o t h e s i s  be r e j e c t e d ,  i n a d d i t i o n  t o  e x a m i n i n g  
t he  d a t a ,  f u r t h e r  t e s t s  a r e  r e q u i r e d  t o  d e t e r m i n e  t he n a t u r e  o f  the 
o b s e r v e d  f r e q u e n c i e s  d e v i a t i o n  f r om t h e  t h e o r e t i c a l  d i s t r i b u t i o n .
in a d d i t i o n  t o  t h e  use o f  t h e  expanded t a b l e s  f o r  e s t i m a t i n g
s i g n i f i c a n c e  i n p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s  ( R o e s s l e r  e t  al
1 9 7 8 ) ,  t h e  a c t u a l  p r o b a b i l i t i e s  o f  r e s u l t s  b e i n g  o b t a i n e d  by c hance
al on e  were c a l c u l a t e d  by the use o f  t he  z s t a t i s t i c .  F o r  p a i r e d
c o m p a r i s o n s ,  wher e  N >5,
(X1 -  0 . 5 )  ~ m 
cT
wher e  m = n/ ^  and cC^npq = m/ 2
and p ;  q = ^ X1 »  c o r r e c t  r e s p o n s e s  F o r mu l a  3 . 1
S i n c e  p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  a r e  t w o - t a i l e d ,  t he  
p r o b a b i l i t i e s  o b t a i n e d  by t h e  use of  A p p e n d i x  T a b l e  A ( A me r i n e  e t  al  
1965)  must  be d o u b l e d  t o  o b t a i n  t h e  a c t u a l  p r o b a b i l i t y .
T r i a n g l e  t e s t s  a r e  o n e - t a i l e d  and 
( XI  -  0 . 5 )  ~ m
wh er e  m = np = n/ 3  and ' ¿f  =/v/ n p q  = / J n x V 3  x ^/3
3 =
wh er e  p = .c>dd sampl e and q = two i d e n t i c a l  sampl es
F o r mu l a  3 . 2
In C h a p t e r  6 , t h e  h y p o t h e s i s  t h a t  i t  woul d  be e a s i e r  t o  d e t e c t  
d i f f e r e n c e s  between raw g r a s s  and r ape f ed sampl es t han i n cooked was 
t e s t e d  by the Wi I c o x o n  Ma t che d- Pai r s  S i g n e d - R a n k s  T e s t .
T h i s  is a more p o w e r f u l  t e s t  than t he  S i g n  t e s t  i n t h a t  i t  u t i l i s e s  
not  o n l y  t he  d i r e c t i o n  o f  d i f f e r e n c e s  between p a i r s  but  a l s o  t a k e s  
a c c o u n t  o f  t he  m a g n i t u d e  o f  t h e s e  d i f f e r e n c e s .  G r e a t e r  w e i g h t  is 
t h u s /
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t h u s  g i v e n  t o  p a i r s  w h i c h  show a l a r g e  d i f f e r e n c e  between t h e  two 
c o n d i t i o n s .  T h e  number o f  c o r r e c t  i d e n t i f i c a t i o n s  ( 0 ,  1 , 2 or  3)  
f o r  raw and cooked sampl es was r e c o r d e d  f o r  each t e s t e r .  T h e  
d i f f e r e n c e  between s c o r e s  was r e c o r d e d  i n  t h i s  way.
S u b j e c t  Raw Cooked D i f f e r e n c e
A 3 2 -1
B 2 2 0
C 1 3 +2
S u b j e c t  B,  wher e t h e  s c o r e s  wer e  equa l  was d r opp e d  f r om t he t r i a l .
The s c o r e s  o f  s u b j e c t s  wh er e  t h e r e  was d i f f e r e n c e  i n p e r f o r m a n c e  
were then r a n k e d .  T  i s  t h e  s m a l l e r  number  of  l i k e - s i g n e d  r a n k s ,  
i . e .  e i t h e r  t h e  sum o f  p o s i t i v e  o r  n e g a t i v e  r anks  w h i c h e v e r  i s  
s m a l l e r .  N i s  t h e  number  o f  p a i r s  o f  d i f f e r i n g  s i g n .  I f  the 
o b s e r v e d  v a l u e  o f  T  i s  e q u a l  t o  or  l e s s  t han t he  v a l u e  q u o t e d  i n 
A p p e n d i x  T a b l e  J ( Haber  and Runyon 1977)  t h e  n u l l  h y p o t h e s i s  can 
be r e j e c t e d .  S i n c e  an a d v a n c e  p r e d i c t i o n  o f  t h e  r e s u l t  was made 
the t e s t  was o n e - t a i l e d .  F o r  l a r g e  sampl es wher e N >25,  t h e  z 
s t a t i s t i c  i s c a l c u l a t e d .  T h i s  p r o c e d u r e  was not  r e q u i r e d  i n t h e  
p r e s e n t  t r i a l s .
F o r  s ma l l  s a mp l e s ,  t he  e f f i c i e n c y  of  t h e  Wi I c o x o n  M a t c h e d -  
P a i r s  S i g n e d - R a n k s  i s a p p r o x i m a t e l y  95% in c o mp a r i s o n  w i t h  t he same 
da t a  a n a l y s e d  by the p a r a m e t r i c  t  t e s t  (Wi I coxon 1 9 ^ 5 ) .
T h e s e  s t a t i s t i c a l  t e s t s  wer e used i n t he  m a j o r i t y  of  t h e  p r e s e n t  
t r i a l s .  T h e  use of  F r i e d m a n ' s  T wo- Way A n a l y s i s  of  V a r i a n c e ,  S p e a r ma n 1 
Rank C o r r e l a t i o n  C o e f f i c i e n t  and t he  S i g n  T e s t  i n t h e  e x p e r i m e n t s  
d e s c r i b e d  i n C h a p t e r  5 w i l l  be c o n s i d e r e d  l a t e r  i n  t h i s  c h a p t e r  as 
w i l l  the Medi an T e s t  used f o r  the a n a l y s i s  of  d a t a  i n C h a p t e r  10.
In t r i a l s  t o  d e t e r m i n e  the o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  
r o a s t e d /
r o a s t e d  lamb ( C h a p t e r  5 ) ,  h e d o n i c  r a t i n g  s c a l e s  wer e u s e d .  In 
h e d o n i c  s c a l i n g  a f f e c t i v e  r e s p o n s e s  o f  l i k e  and d i s l i k e  a r e  me a s ur e d.  
S c a l e s  d i f f e r  i n t h e  t y p e  and number  o f  a i d s  o r  cues and f i n e n e s s  of  
d i s c r i m i n a t i o n  e x p e c t e d ,  b ut  a l l  r e q u i r e  a s s i g n m e n t  i n o r d e r e d  
c a t e g o r i e s  a l o n g  a c o n t i n u u m .  A f t e r  t h i s  s c o r e s  a r e  a l l o c a t e d .  T h e y  
c o v e r  a r a n g e  of  a f f e c t i v e  r e s p o n s e s  w h i c h  a r e  e x t r e m e l y  p l e a s a n t  
t h r o u g h  i n d i f f e r e n c e  t o  e x t r e m e l y  u n p l e a s a n t .
I n t e r p r e t a t i o n  of  t h e s e  r e s p o n s e s  v a r i e s .  A n u m e r i c a l  v a l u e  
o f  z e r o  may be a s s i g n e d  t o  t he  i n d i f f e r e n t  c a t e g o r y  w i t h  p o s i t i v e  
( l i k e )  i n t e g e r s  above and n e g a t i v e  ( d i s l i k e )  i n t e g e r s  be l ow.  W h i l s t  
the u n s o p h i s t i c a t e d  c o u l d  be c o n f u s e d  by the b r e a k  in t h e  c o n t i n u u m 
of  t h e  s c a l e ,  A m e r i n e  e t  a l  ( 1965)  c o n s i d e r e d  t h a t  such a s c a l e  c o u l d  
be used e f f e c t i v e l y  w i t h  j u d g e s  who have been t r a i n e d  t o  u n d e r s t a n d  
the t er ms wh i c h  a r e  u s ed.  Rhodes ( p e r s o n a l  c o m m u n i c a t i o n )  does not  
a c c e p t  t he i n d i f f e r e n c e  o f  j u d g e s .  On t h i s  t y p e  of  s c a l e  he c o n s i d e r s  
the j u d g e me n t  a l l o c a t e d  z e r o  t o  be i n v a l i d  ( see a l s o  H a r r i e s  e t  al  1 9 6 3 ) .
In o t h e r  l a b o r a t o r i e s ,  o n l y  p o s i t i v e  i n t e g e r s  a r e  u s ed.  F o l l o w i n g  
the p a t t e r n  o f  c o n v e n t i o n a l  s c o r i n g  t e c h n i q u e s ,  t he  h i g h e s t  s c o r e s  a r e  
a l l o c a t e d  t o  t h e  most  p l e a s u r a b l e  r e s p o n s e s .  On t h e  o t h e r  hand,  some 
w o r k e r s  c o n s i d e r  t h a t  s u b j e c t s  ar e  r e q u i r e d  t o  be more a t t e n t i v e  i f  
p l e a s u r a b l e  r e s p o n s e s  a r e  a l l o c a t e d  the l owe s t  s c o r e s .  In t he a u t h o r ' s  
l a b o r a t o r y  t h e  a l l o c a t i o n  o f  low s c o r e s  t o  p l e a s u r a b l e ,  i . e .  most  
p r e f e r r e d  r e s p o n s e s  has been t he p r a c t i c e  f o r  many y e a r s .  T h e  
t e c h n i q u e  has been s t a n d a r d i s e d  f o r  a l l  e x p e r i m e n t a l  wor k  so t h a t  no 
c o n f u s i o n  a r i s e s .  In a n a l y s i n g  d a t a ,  t h e r e  i s  no d i f f e r e n c e  between 
the two p r a c t i c e s  p r o v i d e d  t h a t  i t  i s q u i t e  c l e a r  how s c o r e s  have been 
a l l o c a t e d .  Exampl es  of  t h e  h e d o n i c  r a t i n g  s c a l e s  and r e s p o n s e  s h e e t s  
are i n c l u d e d  i n t h e  A p p e n d i x  ( T a b l e s  3 . 1  and 3 . 2 ) .
Choi  ce/
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C h o i c e  o f  wor d s  i s  e x t r e m e l y  i m p o r t a n t .  A m b i g u i t y  must  be 
a v o i d e d .  C l a r i t y  a p p r o p r i a t e  t o  e d u c a t i o n a l  b a ck g r o u n d  i s  
e s s e n t i a l .  E l l i s  ( 1 9 6 8 )  d e s c r i b e s  t h e  use o f  s e v e r a l  f a c i a l  
h e d o n i c  r a t i n g  s c a l e s  f o r  use w i t h  young c h i l d r e n  and f o r  s u b j e c t s  
w i t h  p o o r  v e r b a l  c o m p r e h e n s i o n .  T h e  s e l e c t e d  wor ds must  co n v e y  
t he  i dea of  t he s u c c e s s i v e  o r d e r  o f  t he  c a t e g o r i e s  and make c l e a r  
the meani ng o f  t h e  r e s p o n s e  c o n t i n u u m .
J o n e s  e t  al  ( 1 9 5 5 )  a s s e s s e d  the t i me  t a k e n ,  r e l i a b i l i t y ,  
a c c u r a c y  i n d u p l i c a t e d  t e s t s  and t he  amount o f  i n f o r m a t i o n  a c q u i r e d  
a bout  f oods  u s i n g  900 e n l i s t e d  s o l d i e r s .  N i n e  s c a l e s  wer e i n v e s t ­
i g a t e d .  None was d e m o n s t r a t e d  t o  be s u p e r i o r .  I t  was however  
not ed t h a t  n i n e  i n t e r v a l  s c a l e s  t e nded t o  be more s e n s i t i v e  t o  
d i f f e r e n c e s  between f oods  than s h o r t e r  s c a l e s  and t h a t  an equal  
number  o f  p o s i t i v e  and n e g a t i v e  c a t e g o r i e s  i s  not  an e s s e n t i a l  
f e a t u r e .
T h e  h i s t o r i c a l  d e v e l o p m e n t  of  h e d o n i c  r a t i n g  s c a l e s  f o r  f oods  
was t r a c e d  by Peryam and P i l g r i m  ( 1 9 5 7 ) .  A seven p o i n t  h e d o n i c  
r a t i n g  s c a l e  was f i r s t  used by t h e  Q u a r t e r m a s t e r  Food and C o n t a i n e r  
I n s t i t u t e  i n  1947.  Exampl es a r e  i l l u s t r a t e d  in A me r i ne  e t  a l  ( 1 9 6 5 ) .
For  l a b o r a t o r y  use a v e r t i c a l  s c a l e  was s e l e c t e d  as t he  f o r m a t  l i k e l y  
t o  s u g g e s t  t h e  i de a  o f  a c o n t i n u u m  w i t h  e q u i d i s t a n t  p o i n t s .  A 
h o r i z o n t a l  f o r m a t  was used w i t h  s u b j e c t s  who had had no p r e v i o u s  
e x p e r i e n c e  i n f ood t e s t i n g .  S i n c e  i t s  use was a p p a r e n t l y  s u c c e s s f u l  
i t  can be assumed t h a t  i t  was c l e a r  and u na mbi g uou s .  T h e  method was 
used t o  d e t e c t  s ma l l  d i f f e r e n c e s  i n t h e  d e g r e e  o f  l i k i n g  f o r  s i m i l a r  
f o o d s .  S u b j e c t s  wer e  u r g e d  t o  r espond on t h e  b a s i s  o f  i mme d i at e  
f e e l i n g .  C o n t r a s t  e f f e c t s  posed p r o b l e ms  w i t h  c e r t a i n  f oods  such 
as c o f f e e  but  n ot  w i t h  f r e s h  m i l k  or  f r u i t  j u i c e s .  C o n t r a s t  e f f e c t s  
wi t h /
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w i t h  a ' g o o d '  sampl e f o l l o w i n g  a ' p o o r '  a r e  p r o b a b l y  i n e v i t a b l e  
when sampl es  a r e  t e s t e d  s i m u l t a n e o u s l y  as i n t h e  p r e s e n t  t r i a l s .
T h u s  i n t e s t i n g  r o a s t e d  meats i t  was r e c o g n i s e d  t h a t  u n l e s s  
sampl es show c o n s i d e r a b l e  v a r i a t i o n  o n l y  s ma l l  d i f f e r e n c e s  i n d e g r e e  
o f  l i k i n g  a r e  t o  be e x p e c t e d .  C o v e r  ( 1 95 9 )  c o n s i d e r e d  t h a t  
q u a n t i t a t i v e  s c a l e s  can be used f o r  a s s e s s i n g  t e n d e r n e s s  and j u i c i n e s s  
o f  meat sampl es b u t  t h a t  r e s p o n s e s  w i l l  d i f f e r  between j u d g e s  who 
p r e f e r  r a r e  and who p r e f e r  w e l l  done me at s .
T h e  p s y c h o l o g i c a l  e r r o r  of  c e n t r a l  t e n d e n c y  can e x p l a i n  t he  
r e l u c t a n c e  o f  s u b j e c t s  t o  use t h e  e x t r e me s  o f  any s c a l e  w i t h  r e s u l t i n g  
c o n t r a d i c t i o n  of  t he  r a n g e  o f  c a t e g o r i e s .  T h i s  i s  p a r t i c u l a r l y  t r u e  
o f  i n e x p e r i e n c e d  s u b j e c t s .  T h u s  a n i n e  p o i n t  s c a l e  becomes e f f e c t i v e l y  
a seven p o i n t  s c a l e  w i t h  seven and f i v e  p o i n t  s c a l e s  becomi ng s i m i l a r l y  
l ess  s e n s i t i v e .  As a r e s u l t  of  t he  a u t h o r ' s  wor k  w i t h  s t u d e n t s ,  a 
f i v e  p o i n t  s c a l e  was c o n s i d e r e d  t o o  i n s e n s i t i v e  and a n i n e  p o i n t  s c a l e  
t oo c o n f u s i n g  f o r  t he  l e ss  i n e x p e r i e n c e d .  A seven p o i n t  s c a l e  -  as 
used by t h e  Q u a r t e r m a s t e r  Food and C o n t a i n e r  I n s t i t u t e  ( i b i d )  -  has 
been used a t  QMC f o r  many y e a r s  and was s e l e c t e d  f o r  t he  p r e s e n t  s t u d y .  
Lower numbers wer e  a l l o c a t e d  t o  f a v o u r a b l e  a f f e c t i v e  r e s p o n s e s .  The  
r e s p on s e  s h e e t s  and t he  h e d o n i c  r a t i n g  s c a l e  a r e  i n c l u d e d  i n t h e  A p p e n d i x  
( T a b l e s  3 . 1  and 3 . 2 ) .  M i l l e r  ( 1 95 6 )  has i n d i c a t e d  t h a t  s t i m u l i  can be 
a s s i g n e d  by most  s u b j e c t s  t o  f i v e  and seven c a t e g o r i e s .  Howgate and 
Smi t h ( 1 9 8 1 ) ,  r e p o r t i n g  on wor k a t  T o r r y  Re s e a r c h  S t a t i o n ,  a l s o  used a 
seven p o i n t  s c a l e .
I t  i s r e c o g n i s e d  t h a t  r e s p o n s e s  a r e  h i g h l y  s u b j e c t i v e  and 
i n d i v i d u a l .  Many f a c t o r s  c o n t r i b u t e  t o  v a r i a t i o n  in r e s p o n s e .  Where 
a s c o r e  o f  t h r e e  i s  a wa r d e d ,  even an e x p e r i e n c e d  a s s e s s o r  c o u l d  e q u a l l y  
have j u d g e d  t h e  s c o r e  t o  be two o r  f o u r .  Hence d i f f e r e n c e s  between 
sampl es/
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sampl es  must  be r e l a t i v e l y  g r e a t  and p a r t i c i p a n t s  exceed ten f o r  
m e a n i n g f u l  r e s u l t s  t o  be a c h i e v e d .  Even when t h e s e  c r i t e r i a  ar e  
met t h e  h i g h l y  s u b j e c t i v e  n a t u r e  o f  r e s p o n s e s  can c ause p r o b l e m s .
T h i s  d i f f i c u l t y  was c o n s i d e r e d  by P i g g o t t  and Land ( 1 9 8 1 ) .
M a j o r  a d v a n t a g e s  o f  h e d o n i c  r a t i n g  s c a l e s  a r e  s i m p l i c i t y ,  
s u i t a b i l i t y  f o r  a wi d e  r ang e o f  p a r t i c i p a n t s  s i n c e  no p r e v i o u s  
e x p e r i e n c e  i s  r e q u i r e d .  R e s u l t s  a r e  an i n d i c a t i o n  of  g e n e r a l  
l e v e l s  of  p r e f e r e n c e .  In a d d i t i o n ,  r a t i n g s  r e q u i r e  l e s s  t i me  
t han p a i r e d  c o m p a r i s o n s  o r  t r i a n g l e  t e s t s ,  t h e  p r o c e d u r e  i s  of  
i n t e r e s t  t o  p a r t i c i p a n t s  and l a r g e  numbers of  s t i m u l i  can be 
p r e s e n t e d .  W h i l s t  e x p e r i e n c e  i s  an a d v a n t a g e  i n t h a t  j u d g e m e n t s  
can be a n c h o r e d  i t  i s  n o t  an e s s e n t i a l  p r e r e q u i s i t e .
D i s a d v a n t a g e s ,  i n a d d i t i o n  t o  v a r i a b i l i t y  i n  r e s p o n s e s  a l r e a d y  
d e s c r i b e d ,  i n c l u d e  t he need f o r  r e l a t i v e l y  l a r g e  number s o f  p a r t ­
i c i p a n t s  t o  p r o v i d e  p r e c i s i o n  and t h a t  d e s p i t e  c a r e f u l  c o n t r o l  of  
v a r i a b l e s  r e s p o n s e s  may ch a n g e .  Shephard ( 1955)  s u g g e s t s  t h a t  i f  
s c o r e s  and d e s c r i p t i v e  t er ms a r e  used s i m u l t a n e o u s l y  some p a r t i c ­
i p a n t s  may r a t e  p r i m a r i l y  by s c o r e s  t h u s  u s i n g  a l i n e a r  s c a l e .
A m e r i n e  e t  al  ( 1965)  o b s e r v e  t h a t  w h i l s t  j u d g e s  i n i t i a  1 l y a n c h o r  
t h e i r  e v a l u a t i o n s  by t h e  use o f  d e s c r i p t i v e  t e r m s ,  t h e y  may 
s u b s e q u e n t l y  p r o c e e d  t o  s c o r e  n u m e r i c a l l y  t hus  u t i l i s i n g  a l i n e a r  
s c a l e .  Shephar d  ( 1 95 4 )  a l s o  c o n s i d e r e d  t h i s  p o i n t .  T h e s e  d i s c u s s i o n s  
a c k n o wl e d g e  t h a t  more e v i d e n c e  of  t he  a p p l i c a b i l i t y  o f  p a r a m e t r i c  
s t a t i s t i c a l  t e c h n i q u e s  such as a n a l y s i s  o f  v a r i a n c e  t o  s c o r e s  a s s i g n e d  
by the use of  d e s c r i p t i v e  wor ds  i s  r e q u i r e d .  I f  p a r a m e t r i c  s t a t i s t i c s  
such as means and s t a n d a r d  d e v i a t i o n  a r e  u s e d ,  i t  i s  i m p l i e d  t h a t  
d e s c r i p t i v e  t er ms used r e p r e s e n t  e q u a l  s e n s o r y  i n t e r v a l s  and t h a t  
s c a l e s  a r e  l i n e a r .  A m e r i n e  e t  al  ( 1965)  a ck n o wl e d g e  d i s a g r e e m e n t  
among i n v e s t i g a t i o n s  as t o  w h e t h e r  or  not  e q u a l l y  spaced g r a d e  
number s/
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numbers o f  a r b i t r a r i l y o r d e r e d  d e s c r i p t i v e  t er ms i mp l y  e qua l  i n t e r v a l s  
o f  q u a l i t y .  More d e t a i l e d  d i s c u s s i o n  o f  t h e s e  p o i n t s  i s  d e f e r r e d  
u n t i l  C h a p t e r  12.
4.  In t he  p r e s e n t  s t u d y  d a t a  d e r i v e d  f rom t he use o f  h e d o n i c  r a t i n g
s c a l e s  has been a n a l y s e d  by n o n p a r a m e t r i c  t e c h n i q u e s .  H e d o n i c  r a t i n g  
s c a l e s  a s s e s s e d  s u b j e c t s '  a t t i t u d e  t o  lamb f l a v o u r .  W h i l s t  the 
e s s e n c e  of  t h e  method i s  s i m p l i c i t y ,  s u b j e c t i v e  a s s e s s me nt s  r a t h e r  
t han p r e c i s e  me a sur e me nt s  a r e  a c h i e v e d .
T hu s  h e d o n i c  r a t i n g s  f or m a c 1 a s s i f i c a t o r y  o r d i n a l  s c a l e  w i t h  
t h e  p r o p e r t y  o f  r a nk  o r d e r i n g .  I t  i s t hus  p o s s i b l e  t o  d e t e r m i n e
w h e t h e r  lamb f l a v o u r  p o s s e s s e s  more or  l e ss  of  a p a r t i c u l a r  c h a r a c t e r ­
i s t i c  but  t h e r e  can be no i n d i c a t i o n  o f  t h e  m a g n i t u d e  of  d i f f e r e n c e s  
o r  o f  t h e i r  n a t u r e .  T h e r e  i s  h o w e v e r ,  a r e l a t i o n s h i p  between t he
c a t e g o r i e s  i n t h a t  sampl es a r e  c l a s s i f i e d  on the b a s i s  of  a ' mor e
p r e f e r r e d '  o r  ' l e s s  p r e f e r r e d '  r e s p o n s e .  T h i s  r e l a t i o n s h i p  a p p l i e s
t o  a l l  p a i r s  o f  c l a s s e s  so t h a t  a c o m p l e t e  r ank o r d e r i n g  is p o s s i b l e .  
H e d o n i c  r a t i n g  s c a l e s  s h o u l d  t h e r e f o r e  be c o n s i d e r e d  t o  be o r d i n a l .
In a n a l y s i n g  d a t a ,  s c o r e s  a r e  a s s i g n e d  t o  each c a t e g o r y .  T h e s e
s c o r e s  may a p p e a r  t o  be more p r e c i s e  t han r anks  but  t h e y  do not  meet
t h e  c r i t e r i a  f o r  h i g h e r  l e v e l s  o f  measur ement .  T r a n s f o r m a t i o n s  w h i c h  
do n o t  change the o r d e r  o f  r a nk s  a r e  t h e r e f o r e  a d m i s s a b l e .  No l oss
o f  i n f o r m a t i o n  is t h u s  i n v o l v e d .
T he s t a t i s t i c  most  a p p r o p r i a t e  t o  d e s c r i b e  t he c e n t r a l  t e n d e n c y  
of  s c o r e s  i n o r d i n a l  s c a l e s  i s  t h e  me d i a n .  T h e  medi an i s  n ot  a f f e c t e d
by changes o f  any s c o r e s  above or  bel ow as l ong as t o t a l  s c o r e s  in
bot h c a t e g o r i e s  r e ma i n  t he  same.  The  use of  t he medi an may compensat e 
f o r  a l t e r a t i o n  i n r e s p o n s e s  d u r i n g  t r i a l s  d e s p i t e  c o n t r o l  o f  v a r i a b l e s  
r e p o r t e d  e a r l i e r  i n t h i s  s e c t i o n .  When o n l y  r ank o r d e r  o f  s c o r e s  is 
known/
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known,  t h e  use o f  a r i t h m e t i c  means and s t a n d a r d  d e v i a t i o n s  a r e  s u s p e c t  
i n  t h a t  s u c c e s s i v e  i n t e r v a l s  between c a t e g o r i e s  a r e  n o t  e q u a l .  The 
p r o p e r t i e s  o f  an o r d i n a l  s c a l e  do not  a l l o w  such a r i t h m e t i c a l  p r o c e d u r e s  
and h y p o t h e s e s  based on such measur ement s  must  be v i e w e d  w i t h  c a u t i o n  
p a r t i c u l a r l y  i f  r e s p o n s e  p a t t e r n s  i n a t r i a l  do not  a p p r o x i m a t e  t o  t he 
nor mal  d i s t r i b u t i o n .
In t h e  F r i e d ma n  t wo - wa y  a n a l y s i s  o f  v a r i a n c e  by r a n k s ,  s c o r e s  
a r e  f i r s t  c a s t  i n  a t wo - wa y  t a b l e  w i t h  n rows -  wher e n is t he  number  
o f  t a s t e r s  -  and k col umns -  wher e  k r e p r e s e n t s  t he number  o f  s a mp l e s .
In C h a p t e r  5 ,  t he  f o u r  col umns r e p r e s e n t e d  lamb sampl es cooked t o  
i n t e r n a l  t e m p e r a t u r e s  o f  70°C,  75°C,  80°C and 85°C.  Each row 
r e p r e s e n t s  a g i v e n  t a s t e r ' s  p e r f o r m a n c e .  An exampl e o f  such a t wo - wa y  
t a b l e  i s  g i v e n  i n A p p e n d i x  T a b l e  5 . 4 .  T a b l e  5 . 5  o f  t he  A p p e n d i x  
shows t h e  same i n f o r m a t i o n  when t he  c a l c u l a t e d  v a l u e s  i n s i g n  t e s t s  
wer e checked by the use of  a newer  p r o g r a m.  T h i s  p r o g r a m c a l c u l a t e s  
medi an v a l u e s  and col umn t o t a l s .  In t he  e a r l i e r  p r o gr a m means and 
s t a n d a r d  d e v i a t i o n s  wer e  c a l c u l a t e d  p u r e l y  f o r  i n t e r e s t .  T h e i r  
l i m i t a t i o n s  wer e r e c o g n i s e d .  Me di a n s  were s u b s e q u e n t l y  d e t e r m i n e d  
by i n s p e c t i o n  r a t h e r  t h an  w i t h  c o mp u t e r  s u p p o r t  ( C h a p t e r  5 ) .
In t h e  f i r s t  s t a g e  o f  a n a l y s i n g  d a t a ,  s c o r e s  in each r ow,  t h a t  
is f o r  each t a s t e r ,  a r e  r a n k e d .  A l l o w a n c e  i s  made f o r  t i e s .  As w e l l  
as b e i n g  a p p r o p r i a t e  f o r  o r d i n a l  d a t a ,  r a n k i n g  a s s i s t s  i n  o v e r c o m i n g  
t he p r o b l e m  o f  l e s s  e x p e r i e n c e d  t a s t e r s  who c o n s i s t e n t l y  award e i t h e r  
h i g h e r  o r  l ower  s c o r e s  t han t h e i r  c o n t e m p o r a r i e s .  Ranks i n each row 
r ange f rom one t o  f o u r .  I f  t he  n u l l  h y p o t h e s i s  a p p l i e s ,  t h a t  i s  t h a t  
a l l  sampl es i r r e s p e c t i v e  of  i n t e r n a l  t e m p e r a t u r e  e l i c i t  t h e  same 
r e s p o n s e ,  t he  d i s t r i b u t i o n  o f  r a nk s  i n each col umn w i l l  be such t h a t  
r anks o ne ,  t wo,  t h r e e  and f o u r  a p p e a r  w i t h  an a p p r o x i m a t e l y  e qua l  
f r e q u e n c y . /
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f r e q u e n c y .  F o r  an i n d i v i d u a l  t a s t e r ,  i t  i s  a m a t t e r  of  chance as 
t o  w h i c h  sampl es a r e  awarded t he  h i g h e s t  o r  l owe s t  s c o r e s .  Hence 
r ank t o t a l s  ( CT  i n  T a b l e s  5 . 4  and 5 - 5  o f  t he  A p p e n d i x )  f o r  each 
col umn w i l l  be a p p r o x i m a t e l y  e q u a l  i m p l y i n g  t h a t ,  i n t h e  o p i n i o n  
o f  t he t a s t e r s ,  sampl es  o f  lamb d i d  n o t  d i f f e r .  Howe v e r ,  i f  the 
n u l l  h y p o t h e s i s  i s  r e j e c t e d ,  sampl es  d i f f e r  and r a n k  t o t a l s  w i l l  
thus  v a r y  f rom one col umn t o  a n o t h e r .  T h i s  i s  a n a l a g o u s  t o  t he 
s i t u a t i o n  i n  p a r a m e t r i c  s t a t i s t i c s  wher e  i t  c o u l d  be s t a t e d  t h a t  t he  
mean v a l u e s  of  t h e  r anks  i n each col umn woul d  n o t  be e q u a l .
The  F r i e d ma n  t e s t  d e t e r m i n e s  w h e t h e r  t h e  r ank t o t a l s  ( R j )  d i f f e r
s i g n i f i c a n t l y .  T o  c a r r y  o u t  t h e  t e s t ,  t h e  v a l u e  o f  t h e  s t a t i s t i c  
2
X r  i s  c a l c u l a t e d .  When t he  number  o f  rows a n d / o r  col umns i s  a t
l e a s t  n i n e  and t h r e e  r e s p e c t i v e l y ,  F r i e d ma n  ( 1937)  d e m o n s t r a t e d  t h a t
2 2 
y r  is d i s t r i b u t e d  a p p r o x i m a t e l y  asy  w i t h  d f  = K -  1.  T h e  v a l u e  of
2
X r  i s  c a l c u l a t e d  as f o l l o w s :
X r 2 =  — -------- y  ( R j ) 2 -  3N (k + 1) F o r mu l a  3 - 3
Nk ( k + 1 ) j  = 1
wher e  N -  number  o f  r o ws ,  k = number  o f  c o l u mn s ,
Rj  -  sum o f  r a nk s  i n j . th col umn
k
^  r e q u i r e s  t h a t  t h e  s q u a r e s  o f  t h e  sums o f  r a nk s  o v e r  
J -  1
k c o n d i t i o n s  be summed
2
In t h e  p r e s e n t  e x p e r i m e n t s  wher e k = 4 and N a l wa y s  exceeded 9 ,  Xi"
2
can be c o n s i d e r e d  t o  be d i s t r i b u t e d  as x  w i t h  d f ( k - l ) .  I f  the
2
c a l c u l a t e d  v a l u e  o f  x r  e q u a l s  o f  exceeds t h e s e  f i g u r e s  t h e  n u l l  
h y p o t h e s i s  i s  r e j e c t e d .  T h u s  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
i s  d e m o n s t r a t e d  between t he sum o f  r a nk s  ( col umn t o t a l s )  i n t h e  f o u r  
c o l u mn s .  A l t e r n a t i v e l y ,  i t  may be c o n s i d e r e d  t h a t  t h e r e  i s  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t he  mean r a nk s  Rj / N  of  
t he/
48.
t he f o u r  c o l u mn s .
In F r i e d m a n ' s  p a p e r  ( 1 9 3 7 ) ,  t h e  x r  was compared w i t h  t he
p a r a m e t r i c  F t e s t .  In a s e r i e s  of  56 t e s t s ,  45 p r o b a b i l i t y  l e v e l s
wer e e s s e n t i a l l y  t h e  same.  F o r  t he  56 s e t s  o f  d a t a  the n u l l  h y p o t h e s i s
2
woul d  have been r e j e c t e d  on 26 and 24 o c c a s i o n s  ( p <0 . 0 5 )  in t h e  x r
and F t e s t s  r e s p e c t i v e l y .  T h e  two t e s t s  woul d t h e r e f o r e  a pp e ar
2
c o mp a r a b l e  in power  and t h e  x r t e s t  has t h e  a d v a n t a g e  t h a t  i t  is
not  assumed t h a t  t h e r e  i s  an e q u a l  i n t e r v a l  between c a t e g o r i e s  ( F r i e d ma n  
( 1 9 4 0 ) .
I t  i s  a c c e p t e d  t h a t  p a r a m e t r i c  t e c h n i q u e s  a r e  s t i l l  w i d e l y  
used by many e x p e r i m e n t e r s  in the a n a l y s i s  and i n t e r p r e t a t i o n  o f  
h e d o n i c  s c a l e  d a t a .  T h e  v a l i d i t y  o f  t h i s  p r a c t i c e  i s  b e i n g  
c h a l l e n g e d .  Many who use p a r a m e t r i c  s t a t i s t i c s  a c c e p t  t h e i r  
l i m i t a t i o n s  but  c o n t i n u e  t o  use them.  T h e r e  i s  f u r t h e r  d i s c u s s i o n  
of  t h e s e  p o i n t s  in C h a p t e r  12.
I f  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between col umn 
t o t a l s  i s  d e m o n s t r a t e d ,  i t  i s u s u a l l y  c l e a r  wher e  the d i f f e r e n c e s  
ar e t o  be f o u n d .  T o  c o n f i r m  t h e  o b s e r v a t i o n  o r ,  wher e r e q u i r e d ,  
t o  i d e n t i f y  t h e  d i f f e r e n c e ,  t h e  S i g n  t e s t  may be u sed.  O n l y  p l u s  
or  mi nus  s i g n s  a r e  u sed.  Q u a n t i t a t i v e  d i f f e r e n c e s  a r e  i g n o r e d .  T he  
t e s t  a p p l i e s  t o  two r e l a t e d  s a mp l e s .  T h e  aim i s  t o  e s t a b l i s h  i f  
d i f f e r e n c e s  e x i s t  between them.
From T a b l e s  5 . 4  and 5 . 5  o f  t h e  A p p e n d i x ,  t h e r e  a r e  f o u r  col umns 
c o r r e s p o n d i n g  t o  v a r y i n g  i n t e r n a l  t e m p e r a t u r e s .  I f  t h e s e  col umns a r e  
d e s i g n a t e d  A ,  B, C and D,  t a s t e r s  s c o r e s  on two t e s t s  a r e  s u c c e s s i v e l y  
c ompar ed;  t h a t  i s AB,  AC,  AD,  BC, BD and CD. F o r  e x a m p l e ,  i f  t he  
s c o r e  f o r  B exc ee ds  t he  s c o r e  f o r  A ,  a p l u s  i s  r e c o r d e d .  C o n v e r s e l y ,  
i f  t he  s c o r e  f o r  B i s  l o w e r ,  a mi nus i s  r e c o r d e d .  T i e s  a r e  d i s c a r d e d




i s  d e s i g n a t e d  N.  T a b l e  M ( Haber  and Runyon 1977)  i n d i c a t e s  t h e  o n e ­
t a i l e d  p r o b a b i l i t y  a s s o c i a t e d  w i t h  a v a l u e  as sma l l  as t h e  o b s e r v e d  
v a l u e  of  x ,  wher e x i s  t he  number  of  f e w e r  s i g n s .  In t h e s e  t r i a l s ,  
t he  r e g i o n  o f  r e j e c t i o n  is t w o - t a i l e d  s i n c e  t he  d i r e c t i o n  of  d i f f e r e n c e s  
was n o t  p r e d i c t e d  in a d v a n c e .  Hence t h e  p r o b a b i l i t y  v a l u e s  in T a b l e  
M wer e  d o u b l e d .
R e s u l t s  of  t he  Si g n  t e s t s  a r e  g i v e n  i n T a b l e  6 . 6 . As i n d i c a t e d  
in C h a p t e r  6 , t h e y  a s s i s t e d  in t h e  s e l e c t i o n  of  o p t i m a l  i n t e r n a l  
t e m p e r a t u r e .  W h i l s t  t h e  S i g n  t e s t  i s  l e s s  p o w e r f u l  t han t he  Wi l c o x o n  
M a t c h e d - P a i r s  S i g n e d - R a n k s  t e s t  d e s c r i b e d  e a r l i e r  in t h i s  c h a p t e r ,  i t  
p r o v i d e s  a s i m p l e  and r a p i d  method of  i d e n t i f y i n g  d i f f e r e n c e s .  When 
Medi an t e s t s  wer e c a r r i e d  o u t  t h e r e  was l i t t l e  d i f f e r e n c e  f rom t h e  
r e s u l t s  w h i c h  wer e o b t a i n e d  u s i n g  t h e  S i g n  t e s t .
T h e  Spearman Rank C o r r e l a t i o n  C o e f f i c i e n t ,  r  , somet i mes known 
as Rho,  i s used t o  compare two o r d i n a l l y  s c a l e d  v a r i a b l e s .  T h u s  
Spearman Rho v a l u e s  wer e c a l c u l a t e d  f o r  d u p l i c a t e d  h e d o n i c  r a t i n g s  t o  
a s s e s s  t a s t e r s '  c o n s i s t e n c y  in j u d g e m e n t s  and t o  compare p e r f o r m a n c e  
when sampl es were t a s t e d  hot  and c o l d .  R e s u l t s  a r e  p r e s e n t e d  in 
T a b l e s  6 . 2  and 6 . 3  of  t he  A p p e n d i x .
T h e  f o r m u l a  used in t he  c a l c u l a t i o n  was:
r _ E x2 + Zv - Z d 2
2 ^ ^  F o r mu l a  3 . ^
„ h e r e  E x 2  - Z T *
12
.  i L c a  -  E Tv 
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V a l u e s  o f  x and y a r e  t he  r anked s c o r e s  f o r  the f i r s t  and second t e s t s
r e s p e c t i v e l y .  T he c o r r e c t i o n  f a c t o r ,  T  makes a l l o w a n c e  f o r  t i e s .




T h e  ¿_JX i s  the sum of  t h e  v a r i o u s  v a l u e s  of  T  f o r  a l l  t h e  g r o u p s  of  
t i e d  o b s e r v a t i o n s .  In F o r mu l a  3.  ^ ,^~!d ̂  r e p r e s e n t s  t h e  sum of  t h e  
s q u a r e s  o f  t h e  d i f f e r e n c e s  between x and y s c o r e s  f o r  each t a s t e r .  
D i f f e r e n c e s  a r e  s q u a r e d  so t h a t  n e g a t i v e  and p o s i t i v e  v a l u e s  of  d 
do n o t  c a n c e l  e ach o t h e r  o u t .  I t  i s t h u s  p o s s i b l e  t o  d e t e r m i n e  t he  
m a g n i t u d e  of  t he  d i s p a r i t y  between s c o r e s .
T h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t he  t e s t  f o r  between f o u r  and 
t h i r t y  t a s t e r s  i s  d e t e r m i n e d  by t h e  use of  T a b l e  G ( Haber  and Runyon 
1 9 7 7 ) .  I f  t he o b s e r v e d  v a l u e  e xceeds  t he  t a b l e d  v a l u e  t h e  r e s u l t  i s 
of  s t a t i s t i c a l  s i g n i f i c a n c e .  T he  t e s t  was o n e - t a i l e d  i n t h a t  i t  was 
p r e d i c t e d  t h a t  t h e r e  woul d  be a p o s i t i v e  c o r r e l a t i o n  between the 
r e s u l t s  o f  the two t e s t s .
T o  s u mma r i s e ,  the r ank ed s c o r e s  on t he x and y v a r i a b l e s  were 
t a b u l a t e d .  T h e  v a l u e  o f  d ,  f o r  each t a s t e r  was o b t a i n e d  by s u b t r a c t i n g
T h e  power  e f f i c i e n c y  o f  the t e s t  was j u d g e d  t o  be 91% i n 
co mp a r i s o n  w i t h  the c o r r e l a t i o n  c o e f f i c i e n t  r f o r  l i n e a r l y  r e l a t e d  
d a t a  ( H o t e l l i n g  and Pabst  1 9 3 6 ) .  I t s  use i s  s t i l l  recommended in
more modern t e s t s  such as Haber  and Runyon ( 1 9 7 7 ) .
As i n d i c a t e d  e a r  1 i e r  in t h i s  section in n o n n a r a me t r i c  s t a t i s t i c s ,  t he  
medi an i s  t h e  a p p r o p r i a t e  measur e o f  c e n t r a l  t e n d e n c y  f o r  o r d i n a l  d a t a .
I t  i n d i c a t e s  i f  g r o u p s  d i f f e r  in c e n t r a l  t e n d e n c y .  Medi ans  were 
e x t e n s i v e l y  used in C h a p t e r  5 t o  d e t e r m i n e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  
f o r  g i g o t s  and l o i n s .  T h e y  were o f  v a l u e  in c o n f i r m i n g  r e s u l t s  of  
S i gn  t e s t s  and ' d e g r e e  of  l i k i n g 1 in s e l e c t i n g  i n t e r n a l  t e m p e r a t u r e  of
in C h a p t e r  10. T h e y  a r e  c o n s i d e r e d  in c o n t e x t .  The  combi ned medi an
the y r a nk  f r om t he  x r a n k .  V a l u e s  o f  d.  were summed
5. One sampl e Medi an t e s t s  wer e e x t e n s i v e l y  used i n a n a l y s i n g  d a t a
f o r  t he  two sampl es was d e t e r m i n e d - V a 1 ues i n e ach g r o u p  were d i c h o t o m i s e d  
as t h o s e  v a l u e s  a t  or  b e l ow t h e  combi ned medi an or  t h o s e  above t h e  
combi ned me d i a n .  T h e  n u l l  h y p o t h e s i s  was t e s t e d  u s i n g  F o r mu l a  3 . 5  
s i n c e  sampl es s i z e s  wer e l a r g e .
( O i j  -  E i j ) ^  F o r mu l a  3 - 5
1 - 1  j T l  E i j
wher e O i j  -  o b s e r v e d  number  c a t e g o r i s e d  in t he i t h  row
o f  t he  j t h  col umn and E i j  i n d i c a t e s  t h e  e x p e c t e d  f r e q u e n c y .
T h e  sum o v e r  a l l  rows ( r )  and col umns ( k )  f o r  each c e l l
2
g i v e s  the v a l u e  of  x  w i t h  d f  ( r  -  l ) ( K  -  1 ) ,  t h a t  i s  one.
F u r t h e r  d e t a i l s  o f  t h e s e  n o n - p a r a m e t r i c  s t a t i s t i c a l  p r o c e d u r e s  
i s  g i v e n  in S i e g e l  ( 1 9 5 6 ) ,  Bock and J o n e s  ( 1 9 6 8 ) ,  H o l l a n d e r  and Wool f e  
( 1 9 7 3 ) ,  Kendal  and S t u a r t  ( 1 97 9 )  and P r a t t  and Gi b bo n  ( 1 9 8 1 ) .  B l a k e s l e y  
( 1977)  i s a l s o  of  a s s i s t a n c e .  S t e v e n s  (1970 and 197*0 a l s o  p r e s e n t s  
i n f o r m a t i  on.
6 . In C h a p t e r  8 , i t  i s i n d i c a t e d  t h a t  F l a v o u r  P r o f i l e  A n a l y s i s
was used t o  c o n f i r m  t h a t  t h e r e  was no d i f f e r e n c e  between r o a s t e d  g i g o t s  
and l o i n s  f r om g r a s s  and r ape fed s a mp l e s .  D e t a i l s  of  the t e c h n i q u e  
ar e  p r o v i d e d  by A m e r i n e  e t  a l  ( 1965)  and in p a p e r s  by w o r k e r s  at  t he  
A r t h u r  D L i t t l e  R e s e a r c h  C o . ,  C a m b r i d g e ,  M a s a c h u s e t t s . E s s e n t i a l  
f e a t u r e s  a r e  s u mmar i sed.
U n l i k e  d i f f e r e n c e  t e s t i n g ,  t he  p r o f i l e  method i s  not  c o n c e r n e d  
w i t h  s i n g l e  f l a v o u r  j u d g e m e n t s  w h i c h  can be a n a l y s e d  s t a t i s t i c a l l y .
T h e  method c o n c e n t r a t e s  on e n t i r e  f l a v o u r  and i n d i v i d u a l  a t t r i b u t e s  
of  f l a v o u r  i n r e l a t i o n  t o  each o t h e r .  A l l  f l a v o u r  component s a r e  
t hus  c o n s i d e r e d  in p e r s p e c t i v e .  A c c e p t a n c e  is not  me a s ur e d.  I t  is 
c o n s i d e r e d  by t h e  e x p e r i e n c e d  t o  be an a l mo s t  c o m p l e t e l y  o b j e c t i v e  
s e n s o r y  t e c h n i q u e .
F o u r /
52.
F o u r  t o  s i x  h i g h l y  t r a i n e d  j u d g e s  a r e  u sed.  S t r i n g e n t  
s e l e c t i o n  p r o c e d u r e s  and a s i x  t o  t w e l v e  month t r a i n i n g  p e r i o d  a r e  
r e q u i r e d .  T r a i n e d  pane l  l e a d e r s  o r g a n i s e ,  c o n d u c t  and d i r e c t  panel  
s e s s i o n s  and i n t e r p r e t  r e s u l t s :  t h e y  a r e  t he  l i n k  between t he pane l
and t h e  u s e r  o f  p ane l  f i n d i n g s .  Panel  d i s c i p l i n e  i s  s t r i c t .
In f o r m a l  p ane l  s e s s i o n s ,  each p a n e l  member i n d e p e n d e n t l y  
exami nes  sampl es  and r e c o r d s  f i n d i n g s .  T h i s  i s  f o l l o w e d  by a g r o u p  
d i s c u s s i o n  l ed by t h e  Panel  L e a d e r  who s u b s e q u e n t l y  t a b u l a t e s  and 
summar i ses  the d i s c u s s i o n .  D i s a g r e e m e n t s  a r e  r e s o l v e d  by r e s u b m i t t i n g  
s a mp l e s .  F l a v o u r  p r o f i l e  a n a l y s i s  i n c l u d e s  p e r c e p t i b l e  ar oma,  t a s t e ,  
f l a v o u r  and f e e l i n g  f a c t o r s  d e s c r i b e d  as c h a r a c t e r  n o t e s .  De g r ee  of  
i n t e n s i t y  and o r d e r  in w h i c h  f a c t o r s  a r e  p e r c e i v e d  i s  r e c o r d e d .  A f t e r ­
t a s t e  and a m p l i t u d e ,  t h a t  i s  o v e r a l l  i m p r e s s i o n ,  o f  aroma and f l a v o u r  
a r e  g r a d e d .  Each c h a r a c t e r  n o t e  in ar oma,  f l a v o u r - b y - m o u t h  and 
a f t e r t a s t e  is i d e n t i f i e d  and d e s c r i b e d .  F i n d i n g s  may be summar i sed 
d i a g r a m a t i c a 1l y . A s e m i c i r c l e  d e no t e s  t h r e s h o l d  c o n c e n t r a t i o n s  w i t h  
r a d i a t i n g  l i n e s  f o r  each i n d i v i d u a l  c h a r a c t e r  n ot e  i n o r d e r  o f  a p p e a r a n c e .
The l e n g t h  of  t he l i n e  r e p r e s e n t s  i n t e n s i t y  ( A me r i n e  e t  al  1965,  p . 3 8 2 ) .
P r o f i l e
A m a j o r  a d v a n t a g e  c l a i m e d  f o r  f 1a v o u r ^ a n a l y s i s  is r e p r o d u c i b i l i t y .  
Caul  ( 1 95 7 )  r e p o r t e d  i d e n t i c a l  p r o f i l e s  f rom t h e  same soup t e s t e d  i n i t i a l l y  
and a g a i n  a f t e r  a y e a r .  Such c l a i m s  a r e  however  d i f f i c u l t  t o  s u b ­
s t a n t i a t e  in t h e  a bsence of  s t a t i s t i c a l  a n a l y s e s .
T h e  l a t t e r  i s  a m a j o r  d i s a d v a n t a g e ,  w h i c h  combi ned w i t h  c o s t  of  
t r a i n i n g  p a n e l  members,  l ack of  p r e c i s i o n  o f  t h e  i n t e n s i t y  s c a l e ,  i n a b i l i t y  
t o  q u a n t i f y  i n d i v i d u a l  s e n s i t i v i t y  t o  s p e c i f i c  o d o u r s ,  t a s t e s  o r  f l a v o u r s  
and i n h e r e n t  e r r o r s  o f  open d i s c u s s i o n  t e c h n i q u e s ,  has led t o  m o d i f i c a t i o n  
of  t h e  t e c h n i q u e s  f o r  t e s t i n g  s p e c i f i c  p r o d u c t s .  In p a r t i c u l a r ,  i t  
s h o u l d  be r e c o g n i s e d  t h a t  a g r o u p  j u d g e me n t  is not  t he same as a g r o u p  
of /
53.
o f  j u d g e m e n t s .  T h e  l e a d e r  o r  an i n d i v i d u a l  p ane l  member may i n f l u e n c e  
t h e  r e s u l t .  T h e r e  may be u n c o n s c i o u s  s i g n a l l i n g .  Where f l a v o u r  
component s a r e  c l e a r l y  d e f i n e d ,  as f o r  b e v e r a g e s ,  p e r s o n a l  j u d g e me n t s  
a r e  p r o b a b l y  p r e f e r a b l e  but  wher e  f l a v o u r  n o t e s  a r e  as v a r i a b l e  as w i t h  
m e a t s ,  open d i s c u s s i o n  i s  q u i c k e r  and more f l e x i b l e  p r o v i d e d  i t s  
p o s s i b l e  l i m i t a t i o n s  a r e  a p p r e c i a t e d .
T h e  a u t h o r  does n o t  a g r e e  w i t h  T i l g n e r ' s  a s s e r t i o n  t h a t  a d i l u t i o n  
p r o f i l e  t e c h n i q u e  ( 1 9 6 2 ) is t he  most  s a t i s f a c t o r y  method t o  c h a r a c t e r i s e  
s e n s o r y  p r o p e r t i e s  o f  me a t s .  T h e y  s h o u l d  p r e f e r a b l y  be a s s e s s e d  as 
t h e y  woul d  n o r m a l l y  be e a t e n .
T a b l e  8 . 1  of  t he  A p p e n d i x  i s  n ot  a t y p i c a l  f l a v o u r  p r o f i l e  
a n a l y s i s .  O n l y  t wo h i g h l y  t r a i n e d  p a n e l  members wer e  u s ed.  Both have 
a c t e d  as panel  l e a d e r s .  Panel  d i s c i p l i n e  and t e s t i n g  c o n d i t i o n s  wer e 
as s p e c i f i e d .  H o we v e r ,  t h e y  wer e  a b l e  t o  c o n f i r m  t h a t  i t  was not  a 
m a t t e r  o f  s u r p r i s e  t h a t  meats f r om two d i f f e r e n t  f e e d i n g  r e gi me s  
d e m o n s t r a t e d  no d e t e c t a b l e  f l a v o u r  d i f f e r e n c e s .
A t  the t i me  o f  t h e  t r i a l s  t o  d e t e r m i n e  o p t i m a l  i n t e r n a l  
t e m p e r a t u r e  ( C h a p t e r  5)  QMC had a t e l e p h o n e  l i n k  w i t h  a H o n e y w e l l  
S e r i e s  60 comput er  a t  S y s t e m s h a r e ,  E d i n b u r g h .  D i g i t a l  s i g n a l s  wer e 
c o n v e r t e d  t o  a m p l i t u d e  m o d u l a t e d  s i g n a l s  u s i n g  a modem. A t  t he  mai n 
c o m p u t e r ,  a second modem r e v e r s e d  t he p r o c e s s .  Dat a was s t o r e d  in 
f i l e s  r e ady  f o r  a n a l y s i s  u s i n g  a p p r o p r i a t e  p r o g r a ms .  P r i n t o u t s  of  
r e s u l t s  were o b t a i n e d  f r om a d e s k - w r i t e r  a t  the QMC t e r m i n a l .  A l t h o u g h  
t he  Dat a  P r o c e s s i n g  C e n t r e  was e s t a b l i s h e d  o n l y  in 1976,  d e s p i t e  some 
i n c r e a s e  in f a c i l i t i e s ,  i t  became o b v i o u s  i n 1978  t h a t  r e s o u r c e s  were 
i n a d e q u a t e .
In J u l y  1979 an ICL 2 90 3 / ^ 0  was i n s t a l l e d .  T o  r e t a i n  d a t a  
f o r  t h e  lamb t r i a l s  and t a s t e r s '  p e r f o r m a n c e  in f u n d a me n t a l  s e n s o r y  
t e s t s /
t e s t s  p a p e r  t a p e  was u sed.  I t  i s  a m a t t e r  o f  r e g r e t  t h a t  t he  two 
syst ems wer e i n c o m p a t i b l e  and t h a t  f i l e s  c o u l d  not  t h u s  be t r a n s f e r r e d  
t o  t h e  I CL c o m p u t e r .
T h i s  has meant  t h a t  m o n i t o r i n g  o f  t e s t e r s '  p e r f o r m a n c e  o v e r  a 
s e r i e s  o f  t r i a l s  and c o r r e l a t i o n  between o t h e r  s e n s o r y  p a r a m e t e r s  must  
be c a r r i e d  o u t  by i n s p e c t i o n  of  p r i n t o u t s  r a t h e r  t han w i t h  c o mp u t e r  
s u p p o r t  as had been hoped.  F u r t h e r  s t u d y  of  d a t a  w i t h  comp u t er  
s u p p o r t  is p o s s i b l e  f o r  e x p e r i m e n t s  c a r r i e d  ou t  d u r i n g  and s i n c e  
1979  u s i n g  p r o g r a ms  a d a p t e d  f r om t h o s e  d e v i s e d  f o r  e a r l i e r  t e s t  
p r o c e d u r e s .
In c o n c l u s i o n ,  t he  r e a d e r  i s  r e f e r r e d  p a r t i c u l a r l y  t o  A me r i n e  
e t  al  ( 1965)  and BS 5929 ( 1980)  f o r  more d e t a i l e d  i n f o r m a t i o n  on 
s e n s o r y  a p p r a i s a l  t e s t s  and t o  s t a t i s t i c a l  t e x t s  qu ot e d  e a r l i e r  in 
t he c h a p t e r  f o r  a d d i t i o n a l  b a c k g r o u n d  i n f o r m a t i o n  on the p r o c e d u r e s  




T he  s e l e c t i o n  and p r e p a r a t i o n  of  lamb j o i n t s  f o r  c o o k i n g  i s 
d e s c r i b e d .  Reasons f o r  t h e  c h o i c e  and d e t a i l s  o f  t he c o o k i n g  method 
a r e  i n d i c a t e d .  P r e s e n t a t i o n  o f  sampl es t o  t a s t e r s  t o  e n s u r e  
u n i f o r m i t y ,  c r i t e r i a  f o r  s e l e c t i n g  t a s t e r s  and t a s t i n g  p r o c e d u r e s  a r e  
d i s c u s s e d .  T h r o u g h o u t  t he  i mp o r t a n c e  of  s t a n d a r d i s a t i o n  i s  e mp h a s i s e d .  
Some e x p e r i m e n t s  c a r r i e d  ou t  t o  d e t e r m i n e  t a s t e r s '  s e n s o r y  a c u i t y  a r e  
d e s c r  i b e d .
E s t a b l i s h i n g  a M e t h o d o l o g y
F o l l o w i n g  t h e  r e v i e w  o f  f a c t o r s  i n f l u e n c i n g  meat  f l a v o u r  in 
C h a p t e r  2,  i t  is e v i d e n t  t h a t  meat s show i n t r i n s i c  v a r i a t i o n .  T h e  
meat  t e c h n o l o g i s t  i s  aware t h a t  no two sampl es a r e  e x a c t l y  a l i k e  but  
may n o t  f u l l y  a p p r e c i a t e  t h a t  s c i e n t i f i c  c o n t r o l  of  the c o o k i n g  p r o c e s s  
is e s s e n t i a l  in s t u d i e s  of  f l a v o u r .  S i m i l a r l y  t h o s e  who s t u d y  t he 
e f f e c t s  of  t he  c o o k i n g  p r o c e s s  on meat  f l a v o u r  may i g n o r e  d i f f e r e n c e s  
between meat  s a mp l e s .  T h i s  d i c h o t o m y  o f  i n t e r e s t  i s  e v i d e n t  in t he  
l i t e r a t u r e .  In p l a n n i n g  e x p e r i m e n t a l  s t u d i e s  bot h a s p e c t s  must  be
c o n s i d e r e d .  Causes of  v a r i a t i o n  in t h e  meat i t s e l f  such as b r e e d ,
a ge,  g r a d e ,  p r e -  and p o s t  s l a u g h t e r  t r e a t m e n t s ,  c u t  and c u l i n a r y  
p r e p a r a t i o n  must  be s t a n d a r d i s e d .  A t  t he same t i m e ,  c o o k i n g  
c o n d i t i o n s ,  a l t h o u g h  d i f f i c u l t  t o  c o n t r o l ,  must  a l s o  be s t a n d a r d i s e d .
T h e  a u t h o r  had had some e x p e r i e n c e  in c o n t r o l l i n g  e x p e r i m e n t a l  
v a r i a b l e s  in t he two s e s s i o n s  p r e c e d i n g  t h e s e  i n v e s t i g a t i o n s .  Hence 
i t  was c o n s i d e r e d  n e c e s s a r y  t o  d e v i s e  a m e t h o d o l o g y ,  a p p r o p r i a t e  t o  
t he U n i t e d  Ki ngdom,  t o  m i n i m i s e  t h e s e  v a r i a b l e s  so t h a t  t he  e f f e c t s  
of  f e e d i n g  r e g i me  on lamb f l a v o u r  -  i f  any -  c o u l d  be d e t e r m i n e d .  T h e  
p r o c e d u r e s  w h i c h  were f o l l o w e d  a r e  d e s c r i b e d .
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1 . /
1 . Br eed of  Sheep
S c o t t i s h  B l a c k f a c e  w e t h e r  lambs f r o m the E d i n b u r g h  Sc hool  of  
A g r i c u l t u r e  f ar ms wer e used i n a l l  the t r i a l s  e x c e p t  t h o s e  d e s c r i b e d  
i n C h a p t e r  8 . As i n d i c a t e d  i n t h i s  c h a p t e r ,  t h e s e  were S u f f o l k  x 
D o r s e t / F i n n  f e ma l e s  bor n i n J a n u a r y  1977.  T h e y  wer e housed t h r o u g h ­
out  u n t i l  s l a u g h t e r  in May.  A f t e r  we a ni n g  i n Ma r c h ,  t h e y  wer e fed 
on a w h o l e  b a r l e y / p r o t e i n  p e l l e t  mi x  w i t h  a s ma l l  s u p p l e me n t  o f  hay.  
J o i n t s  f rom t h e s e  lambs we r e  used t o  a s s e s s  t a s t e r s '  a c u i t y  and 
m e t h o d o l o g y  o f  the e x p e r i m e n t a l  p r o c e d u r e s  so t h a t  i t  was a p p r o p r i a t e  
t h a t  t h e y  s h o u l d  be of  a d i f f e r e n t  br eed and sex f r om t h e  o t h e r  lambs 
used in the t r i a l s .  J o i n t s  f rom t h e s e  lambs wer e compar ed w i t h  j o i n t s  
f rom much o l d e r  B l a c k f a c e  w e t h e r s  t o  d e t e r m i n e  i f  d e t e c t a b l e  d i f f e r e n c e s  
c o u l d  be d e m o n s t r a t e d  between them.
T h e  B l a c k f a c e  lambs used i n t h e  mai n t r i a l s  wer e born i n A p r i l /
May 1977 o r  A p r i l / M a y  1978.  T h e y  r e mai ned on t he  h i l l  u n t i l  A u g u s t .
At w e a n i n g ,  t h e y  wer e g r a z e d  on l o wl a n d  g r a s s  f i e l d s  u n t i l  t h e y  were 
a l l o c a t e d  t o  t h e i r  f e e d i n g  r e g i m e s .  D e t a i l s  of  f i n i s h i n g  d i e t s  ar e  
g i v e n  bot h in c o n t e x t  and i n t he  A p p e n d i x .  As f a r  as p o s s i b l e ,  
c o mp a r a b l e  lambs wer e s e l e c t e d  f o r  t he  t r i a l s .
2.  P r e p a r a t i o n  o f  Lamb J o i n t s
P r e s l a u g h t e r  c o n d i t i o n s  wer e  a r r a n g e d  so t h a t  j o i n t s  were p r e p a r e d  
f o u r  days  p o s t - s l a u g h t e r  in t he  C a r c a s s  E v a l u a t i o n  U n i t .  F e e d i n g  
r e gi me  and t he  c o o k i n g  p r o c e s s  c o u l d  have d i f f e r i n g  e f f e c t s  on lean 
and f a t t y  t i s s u e s .  Hence j o i n t s  f r om g i g o t  and l o i n  a r e a s  wer e 
s e l e c t e d  as exampl es  o f  commonly used lean and f a t t y  c u t s .  T h e  
p r o x i m a t e  c o m p o s i t i o n  of  the two c u t s  ( c ooke d)  i s :
P r o t e i  n (N x 6 . 2 5 ) F a t  Water
G i g o t  2 9 . A 8 . 1  6 1 . 8
L o i n  2 7 . 8  12. 3 5 8 . 9
S o u r c e :  Paul  and S o u t h g a t e  At h  ed.  1978 The C o m p o s i t i o n  o f  Foods.
F i n 11 r p<; / McCance and Wi ddowson At h ed .
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F i g u r e s  a r e  q u o t e d  f o r  cooked l ean o n l y ;  i n bot h c u t s  v i s i b l e  
f a t  was removed b e f o r e  p r e s e n t a t i o n  t o  t a s t e r s .
A n a t o m i c  l o c a t i o n s  wer e s t a n d a r d i s e d .  T h e  l o we r  h a l f  of  t h e  
c a r c a s s  was s p l i t  a t  t h e  v e r t e b r a l  co l u mn .  G i g o t s  wer e f i r s t  c u t  
s t r a i g h t  a c r o s s  i n t he p a t e l l a r  r e g i o n .  A second c u t ,  p a r a l l e l  t o  
t he f i r s t  i n c i s i o n ,  was made AOmm p r o x i m a l  t o  t h e  f i r s t .  F o r  l o i n s ,  
Lumbar  v e r t e b r a e  7 -  12 wer e u s ed.  L e f t  and r i g h t  s i d e s  were ha nd l e d  
s e p a r a t e l y .
A f t e r  p r e p a r a t i o n ,  j o i n t s  wer e packed s e p a r a t e l y  i n a l u m i n i u m  
f o i l  c o n t a i n e r s  and c o v e r e d  w i t h  f o i l / w a x e d  c a r d b o a r d  l a m i n a t e .  Each 
sampl e was l a b e l l e d  t o  i n d i c a t e  w e i g h t  ( g ) , c a r c a s s  number ,  a n a t o m i c a l  
l o c a t i o n  and d a t e  of  p r e p a r a t i o n .  Samples wer e  then f r o z e n  u n t i l  use.  
S t o r a g e  t e m p e r a t u r e  was - 2 5 ° C  ( + / - 2 ° C ) .  In l a t e r  t r i a l s ,  t he  c o s t  o f  
t h e  c o n t a i n e r s  became so h i g h  t h a t  h e a v y  d u t y  l a b e l l e d  f r e e z e r  bags 
were u sed.  A f t e r  l a b e l l i n g ,  t he  bags wer e  e n c l o s e d  in a t i q h t l v  f i t t i n g  
l a b e l l e d  d o u b l e d  l a y e r  o f  h e a v y  d u t y  a l u m i n i u m  f o i l .  T h e r e  was no 
e v i d e n c e  t h a t  t h i s  p r a c t i c e  a f f e c t e d  sampl es even a f t e r  p r o l o n g e d  
s t o r a g e .  T h e r e  was no s u g g e s t i o n  o f  f a t  r a n c i d i t y .  We i g h t  change 
of  thawed j o i n t s  was a l w a y s  l e s s  than 8g compared w i t h  t he o r i g i n a l  
s a m p l e s .
Many e x p e r i m e n t e r s  have used s m a l l ,  p r e c i s e l y  shaped sampl es  o f  
mu s c l e  t i s s u e  e n c l o s e d  i n  g l a s s ,  me t a l  o f  p l a s t i c  he a t e d  i n w a t e r ,  
steam or  o i l  t o  a c h i e v e  b e t t e r  c o n t r o l  of  e x t e r n a l  t e m p e r a t u r e  and heat  
t r a n s f e r  w i t h i n  s a mp l e s .  F o r  s t u d i e s  c o n c e r n e d  w i t h  d e t a i l e d  h e a t -  
i nduced p h y s i c a l  and c h e m i c a l  changes t h e s e  methods a r e  e n t i r e l y  
a p p r o p r i a t e .  Ho w e v e r ,  c o n s i d e r a b l e  i n t e r p r e t a t i o n  and m o d i f i c a t i o n  
of  such e x p e r i m e n t a l  r e s u l t s  i s  r e q u i r e d  b e f o r e  t h e y  can be a p p l i e d  t o  
c u r r e n t  c o o k i n g  p r a c t i c e s  a t  t he  p o i n t  o f  p r e s e n t a t i o n  t o  consumer s  or  
membe r s/
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members o f  a t a s t e  p a n e l .  T h i s  a p p r o a c h  was c o n s i d e r e d  i n a p p r o p r i a t e  
t o  a s t u d y  wher e t h e  aim was t o  a s s e s s  c o n s u me r s '  r e s p o n s e s  t o  lamb 
f l a v o u r .  R e a l i s t i c  c o o k i n g  p r o c e d u r e s  f o r  meat c u t s  r e a d i l y  a v a i l a b l e  
a t  r e t a i l  l e v e l s  was c o n s i d e r e d  d e s i r a b l e .
T h e  d e c i s i o n  t o  use g i g o t  and l o i n  j o i n t s  o f  s t a n d a r d  a n a t o m i c a l  
l o c a t i o n  was r e ac h ed on t he b a s i s  o f  p i l o t  s t u d i e s  i n  J u l y  1977.  In 
t h e s e  s t u d i e s ,  chump,  g i g o t  and l o i n  chops f r om t h e  l e f t  and r i g h t  
s i d e s  of  a c a r c a s s  had been cooked t o  i n t e r n a l  t e m p e r a t u r e s  o f  70°C,
75°C,  80°C and 85°C.  T o t a l ,  d r i p  and e v a p o r a t i v e  l o s s e s  wer e 
c a l c u l a t e d .  Raw and cooked pH v a l u e s  were r e c o r d e d .  T e c h n i q u e s  were 
used as d e s c r i b e d  i n C h a p t e r  5.
A seven p o i n t  h e d o n i c  r a t i n g  s c a l e  was used t o  a s s e s s  e a t i n g
q u a l i t y .  Meat s  wer e  t a s t e d  bot h  c o l d  and h o t .  R e s u l t s  wer e a n a l y s e d
w i t h  c o mp u t e r  s u p p o r t .  F i l e s  DA* wer e c r e a t e d  f o r  each b a t c h  o f  sampl es
2
U s i n g  F r i e d m a n ' s  t wo - wa y  a n a l y s i s  o f  v a r i a n c e ,  t h e  v a l u e  o f  X r  was 
c a l c u l a t e d .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was e s t a b l i s h e d  
between t h e  meats cooked t o  the f o u r  i n t e r n a l  t e m p e r a t u r e s  o r  between 
sampl es t a s t e d  hot  and c o l d .
S i n c e  t h i s  was a f e a s i b i l i t y  s t u d y ,  r e s u l t s ,  a l t h o u g h  a v a i l a b l e ,  
a r e  not  s e t  out  in d e t a i l  he r e  and were n o t  used i n c a l c u l a t i n g  d a t a  
d e s c r i b e d  i n C h a p t e r  10.
F o l l o w i n g  t h e s e  e x p e r i m e n t s  i t  was a gr e e d  t h a t  l a r g e r  p o r t i o n s  
of  meat  wer e needed t o  p r o v i d e  g r e a t e r  c o m p a r a b i l i t y  and more r e l i a b l e  
e s t i m a t e s  of  w e i g h t  l o s s e s  and pH changes a r i s i n g  as a r e s u l t  o f  t he 
c o o k i n g  p r o c e s s .  In a d d i t i o n ,  a l a r g e r  y i e l d  of  meat  woul d be r e q u i r e d  
t o  e n a b l e  more t a s t e r s  t o  a s s e s s  t h e  meats and t o  a l l o w  t he  o u t e r  
b o r d e r s  t o  be d i s c a r d e d  t o  e n s u r e  u n i f o r m i t y  of  p r e s e n t a t i o n .  T h u s  t h e  
b a s i s  f o r  the e x p e r i m e n t s  d e s c r i b e d  in C h a p t e r  5 was e s t a b l i s h e d  and i t  
was d e c i d e d  t h a t  o n l y  g i g o t s  and l o i n  sampl es woul d be u s ed.
3.  P r e p a r a t i o n s f o r  Cooki ng  J o i n t s
I t  had been i n t e n d e d  t o  thaw sampl es  removed f r om t h e  f r e e z e r  
a t  1 7 . 0 0  h o u r s  in a r e f r i g e r a t o r  c a b i n e t  o v e r n i g h t  f o r  c o o k i n g  t h e  
f o l l o w i n g  m o r n i n g .  T h i s  p r o c e d u r e  p r o v e d  u n s a t i s f a c t o r y  i n t h a t  
j o i n t s  t e nded t o  r emai n  f r o z e n .  I t  p r o v e d  n e c e s s a r y  t o  thaw them 
o v e r n i g h t  a t  room t e m p e r a t u r e  (18 -  2 0 ° C ) .  T h e y  were p l a c e d  on a 
t r i v e t  f i t t e d  o v e r  a d i s p o s a b l e  p l a t e  and c o v e r e d  w i t h  Sar an 
( p o l y v i  nyl i dene c h l o r i d e ) .
S u r f a c e  m o i s t u r e  was removed t he  f o l l o w i n g  d a y .  J o i n t s  wer e 
r e w e i g h e d .  As i n d i c a t e d  e a r l i e r ,  w e i g h t  changes d u r i n g  f r o z e n  
s t o r a g e  and t h a w i n g  wer e  a l wa y s  l e s s  t h an  8 . 0 g .  T h i s  was in c o n t r a s t
t o  be ef  and p o r k  sampl es  of  c o m p a r a b l e  w e i g h t s  i n o t h e r  e x p e r i m e n t s .
A sampl e o f  raw f a t  and l ean o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  was removed 
f o r  the aroma t e s t s .  S i m i l a r l y  two s t a n d a r d  l . O g  sampl es o f  l ean were 
r emoved.  T h e s e  wer e p u l v e r i s e d  and mi xed w i t h  5 . 0 ml  d e i o n i s e d  w a t e r .  
A f t e r  ten m i n u t e s ,  pH v a l u e s  were r e c o r d e d  u s i n g  a c a l i b r a t e d  pH me t e r .  
S e p a r a t e  s c a l p e l s ,  t i l e s  and b e a k e r s  were used f o r  each sa mp l e .  J o i n t s  
were then r e w e i g h e d .  A sampl e of  t he r e c o r d i n g  f or ms w h i c h  were used 
a r e  i n c l u d e d  as T a b l e s  A.1 and A . 2 o f  t h e  A p p e n d i x .
A. C h o i c e  o f  C o o k i n g  Method
P a u l i n e  C Paul  r e v i e w e d  meat c o o k e r y  c o m p r e h e n s i v e l y  u n d e r  the 
h e a d i n g  ' I n f l u e n c e  o f  H e a t i n g  Me t h o d s '  i n  C o l e  and L a w r i e  ( 1 9 7 5 ) .  T h e  
c o m p l e x i t y  o f  d i s c u s s i n g  and c o mp a r i n g  f i n d i n g s  between l a b o r a t o r i e s  
and o f  m i n i m i s i n g  e x p e r i m e n t a l  v a r i a b l e s  i s  n o t e d .  S t a t e  A g r i c u l t u r a l  
S t a t i o n s  and t he U . S .  D e p a r t me n t  o f  A g r i c u l t u r e  e s t a b l i s h e d  an i n f o r m a l
g r o u p  d u r i n g  t h e  p e r i o d  1920 - A 0 .  F i n d i n g s  wer e summar i sed i n 19A2.
T h e s e  r e comme n d a t i o n s  were t a b u l a t e d  t o g e t h e r  w i t h  t h o s e  o f  t h e  A m e r i c a n  
Home E c on omi c s  A s s o c i a t i o n  (AHEA)  T e r m i n o l o g y  Commi t t ee  ( Handbook of  
Food/
60 .
Food P r e p a r a t i o n ,  6 t h  E d i t i o n ,  p u b l i s h e d  i n 1 9 7 1 ) .  R o a s t i n g ,  g r i l l i n g  
pot  r o a s t i n g ,  f r y i n g ,  b r a i s i n g ,  s t e w i n g  and p r e s s u r e  c o o k i n g  ar e 
c o n s i d e r e d .
T he  t h i r t y  i n t e r v e n i n g  y e a r s  had seen t h e  d e v e l o p m e n t  and use 
of  t e m p e r a t u r e  c o n t r o l l e d  g r i l l s ,  f r i e r s ,  r o a s t e r s ,  s l o w  c o o k e r s ,  
mi c r o wa v e  c o o k e r s ,  a l u m i n i u m  f o i l  and t r a n s p a r e n t  f i l m  w r a p s .  Paul  
recommended t h a t  s e l e c t i o n  of  h e a t i n g  met hods s h o u l d  t a ke  a c c o u n t  of  
p r e v i o u s  r e s e a r c h  r e s u l t s  w h i c h  show t h e  i mp o r t a n c e  of  c o n t r o l l i n g  
v a r i a b l e s  such as c h o i c e  of  c u t  of  me a t ,  c o n t a i n e r s ,  t y p e  o f  e n e r g y  
s u p p l y ,  h e a t - t r a n s f e r  medi um,  h e a t i n g  t i me  and t e m p e r a t u r e ,  i n t e r n a l  
t e m p e r a t u r e  end p o i n t  and t o t a l  t i m e  r e q u i r e m e n t .  M e t i c u l o u s  
a t t e n t i o n  t o  such d e t a i l s  s h o u l d  i n c r e a s e  the p r o b a b i l i t y  o f  a c h i e v i n g  
s a t i s f a c t o r y  r e s e a r c h  r e s u l t s .  F o r  e x a mp l e ,  t he  t i g h t n e s s  of  a f o i l  
w r a p p e r  in r o a s t i n g  d e t e r m i n e s  w h e t h e r  i t  a c t s  as an i n s u l a t o r  or  n o t .  
T i g h t n e s s  c o u l d  be d i f f i c u l t  t o  c o n t r o l .  D i f f e r e n c e s  in met hods of  
heat  t r a n s f e r ,  s i z e  and shape of  c o n t a i n e r s  c o u l d  cause o b v i o u s  
v a r i a t i o n  in r e s u l t s .
In t he  p r e s e n t  s t u d y ,  i t  was not  c o n s i d e r e d  a p p r o p r i a t e  t o  use a 
m i c r o w a v e  c o o k e r .  Meat  cooked by d r y  met hods d i f f e r s  in f l a v o u r  f rom 
meat cooked by m o i s t  me t h ods .  T h e  e n v i r o n m e n t  s u r r o u n d i n g  t h e  meats 
d u r i n g  t he  c o o k i n g  p r o c e s s  d i f f e r s :  in t he  f o r me r  i t  i s  a c o m b i n a t i o n  
of  m e l t e d  f a t  and in t h e  l a t t e r  of  s i mme r i ng  aqueous l i q u i d .  T h e s e  
d i f f e r i n g  e n v i r o n m e n t s  combi ned w i t h  d i f f e r e n c e s  i n c o o k i n g  t e m p e r a t u r e  
p r o d u c e  v a r y i n g  f l a v o u r i n g  compounds.  In d r y  methods t h e r e  i s  g r e a t e r  
a l d o l  f o r m a t i o n  and c o n d e n s a t i o n ,  M a i l  l a r d  ( c a r b o n y l - a m i n e )  and car amel  
i s a t i o n  r e a c t i o n s  i n c r e a s e .  D e c o m p o s i t i o n  p r o d u c t s  o f  f a t s  p o l y m e r i s e  
A s t u d y  of  t h e  n a t u r e  of  t h e s e  f l a v o u r  d i f f e r e n c e s  i s c o mp l e x .  Paul  
( 1972)  t a b u l a t e d  a wi d e  v a r i e t y  o f  methods ( 6 0)  w h i c h  have been used in 
e x p e r  i ment a 1/
e x p e r i m e n t a l  s t u d i e s  i n c l u d i n g  i mmer si on o f  sampl es in p l a s t i c  bags 
in a w a t e r b a t h .  T h e  r e a d e r  is r e f e r r e d  t o  t h e  c h a p t e r  on meat  c o o k e r y  
in Paul  and Pal mer  ( 1 97 2 )  f o r  the p r i n c i p l e s  u n d e r l y i n g  each of  t he 
methods d e s c r i b e d .
In t h e  U n i t e d  Ki ngdom,  g i g o t s  and l o i n s  of  lamb a r e  t r a d i t i o n a l l y  
cooked by d r y  m e t h o d s ,  t h a t  i s by r o a s t i n g  ( b a k i n g ) ,  g r i l l i n g  o r  f r y i n g .  
T hu s  i t  was d e c i d e d  t h a t  r o a s t i n g  t he  j o i n t s  wou l d  p r o d u c e  t h e  most  
p a l a t a b l e  sampl es w h i l s t  a t  t h e  same t i me  m i n i m i s i n g  e x p e r i m e n t a l  
v a r  i a b l e s .
L a r g e r  c u t s  of  meat  can show c o n s i d e r a b l e  v a r i a t i o n  in i n t e r n a l  
t e m p e r a t u r e  d e p e n d i n g  on t he l o c a t i o n  of  t he  s e n s o r .  T h i s  was much 
l ess  o f  a p r o b l e m  i n t h e  p r e s e n t  s t u d y  wher e  t h e  j o i n t s  wer e r e l a t i v e l y  
s mal l  and t h e  p o s i t i o n  o f  s e n s o r s  was s t a n d a r d i s e d  and 
t h e i r  p o s i t i o n  was checked t o  make s u r e  t h e y  were not  d i s p l a c e d  d u r i n g  
t h e  c o o k i n g  p r o c e s s .  T h e  t e m p e r a t u r e  r i s e  when meat  was removed f rom 
t he  oven in t h i s  s e r i e s  of  t r i a l s  was m i n i m a l .  T h i s  i s  l i k e l y  t o  have 
a r i s e n  f r om a c o m b i n a t i o n  of  the c o o k i n g  t e m p e r a t u r e  s e l e c t e d  ( 177°C)  -  
wher e t he  e x t e r n a l  t o  i n t e r n a l  t e m p e r a t u r e  ( 7 5 °C)  g r a d i e n t  was low -  
and t h e  i n i t i a l  w e i g h t  of  the j o i n t s  (500  t o  650g a p p r o x i m a t e l y ) .
By d e f i n i t i o n ,  a d r y  method of  c o o k i n g  i m p l i e s  t h a t  m o i s t u r e  may 
e v a p o r a t e  f r e e l y  f rom a l l  s u r f a c e s  o f  me a t s .  T h u s  j o i n t s  wer e p l a c e d  
on a t r i v e t  and r o a s t e d  u n c o v e r e d .
Because o f  d i f f e r e n c e s  in f l a v o u r  o f  meats cooked by m o i s t  me t h ods ,  
had t h e s e  been u s e d ,  i t  wou l d  have been d i f f i c u l t  t o  t r a n s f e r  f i n d i n g s  
t o  meats cooked by more t r a d i t i o n a l  U n i t e d  Kingdom me t h od s .  For  
i n s t a n c e ,  i f  meats a r e  pounded t o  m i n i m i s e  t e x t u r a l  d i f f e r e n c e s ,  
e f f e c t s  o f  t h e  c o o k i n g  p r o c e s s  a l t e r .  I f  such pounded meats ar e  
s u b s e q u e n t l y  st ewed o r  c o n v e r t e d  t o  meat l oa v e s  t o  a l l o w  u n i f o r m i t y  
o f /
i . e .  r i s e  in i n t e r n a l  t e m p e r a t u r e
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o f  p r e s e n t a t i o n  in r e s p e c t  o f  a p p e a r a n c e ,  t e x t u r e  and t e m p e r a t u r e ,  
t h i s  i s  an u n r e a l i s t i c  p r o c e d u r e  f o r  g i g o t s  and l o i n s  o f  lamb.  I f  
meats a r e  b r a i s e d  in t h e  a bsence o f  s e a s o n i n g s  w h i c h  c o u l d  mask s l i g h t  
d i f f e r e n c e s  i n f l a v o u r ,  t h i s  i s  a l s o  u n r e a l i s t i c  and l i k e l y  t o  p r o du c e  
p oor  m o t i v a t i o n  and u n f a v o u r a b l e  r e s p o n s e s  in t a s t e r s .
C o n t r o l  and m o n i t o r i n g  a r e  e s s e n t i a l  t o  r e s e a r c h  s t u d i e s  t o  
m i n i m i s e  e x p e r i m e n t a l  v a r i a b l e s .  T h i s  i s  in c o n t r a s t  t o  consumer  
s t u d i e s  wher e v a r i a b l e s  a r e  sel dom c o n t r o l l e d .  F r y i n g  and g r i l l i n g  
were t h e r e f o r e  d i s c a r d e d  as c o o k i n g  t e c h n i q u e s  b ecause t h e s e  p r o c e s s e s  
a r e  d i f f i c u l t  t o  m o n i t o r  and t o  c o n t r o l .  In a d d i t i o n ,  t h e y  a r e  
s u i t a b l e  o n l y  f o r  s m a l l ,  t h i n  c u t s  o f  meat  wher e s u r f a c e  a r e a  is 
r e l a t i v e l y  l a r g e  F l a v o u r i n g  compounds a r e  c o n c e n t r a t e d  on the 
s u r f a c e .  A p p e a r a n c e  d i f f e r s .  T h e s e  l a y e r s  must  t h e r e f o r e  be 
d i s c a r d e d  d u r i n g  t he  p r e p a r a t i o n  of  u n i f o r m  sampl es f o r  t a s t i n g .
Wastage is t h u s  r e l a t i v e l y  g r e a t e r .
As a r e s u l t ,  i t  was d e c i d e d  t h a t  j o i n t s  t o  be compared s h o u l d  
be r o a s t e d  on t he  same s h e l f  of  a p r e h e a t e d  ov e n .  T h e  P i l o t  St u dy  
( R e l a t e d  S t u d i e s )  had a l r e a d y  i n d i c a t e d  t h a t  c r o s s  c o n t a m i n a t i o n  
between sampl es  was u n l i k e l y  t o  o c c u r .  A c c u r a t e  c o n t r o l  and 
m o n i t o r i n g  o f  e x t e r n a l  and i n t e r n a l  t e m p e r a t u r e s  was t h e r e f o r e  
p r a c t i  c a b l e .
5.  C ooki n g  t h e  J o i n t s
Wei ghed j o i n t s  were p l a c e d  on a t r i v e t  in a we i g h ed  s t a n d a r d  
s h a l l o w  r o a s t i n g  t i n .  Each p a i r  o f  sampl es t o  be compared was p l a c e d  
on the same s h e l f  o f  an e l e c t r i c  oven p r e h e a t e d  t o  a t e m p e r a t u r e  of  
177°C ( 3 5 0 ° F ) . W h i l s t  a t e m p e r a t u r e  o f  163°C i s recommended in t he  
U n i t e d  S t a t e s  and o t h e r  r e s e a r c h  l a b o r a t o r i e s ,  as i n d i c a t e d  in 




more r e p r e s e n t a t i v e  o f  U . K .  p r a c t i c e  and woul d  a l l o w  t r a d i t i o n a l  
t i m e / t e m p e r a t u r e  r e l a t i o n s h i p s  t o  be m a i n t a i n e d .  I t  i s  r e c o g n i s e d  
t h a t  even w i t h i n  t he U . K .  p r a c t i c e s  v a r y  but  i t  was n e c e s s a r y  f o r  
e x p e r i m e n t a l  p r o c e d u r e s  t o  be s t a n d a r d i s e d .
I t  s h o u l d  be n o t e d  t h a t  Mo t t r a m ( 1 98 1 )  c o n s i d e r e d  t h a t  d r y  
methods o f  c o o k e r y  wer e  p r e f e r a b l e  in t h e  p r e p a r a t i o n  o f  meats f o r  
s e n s o r y  and i n s t r u m e n t a l  a s s e s s me n t s .  R o a s t i n g  is p r e f e r a b l e  t o  
g r i l l i n g .  C o o k i n g  t o  a f i x e d  i n t e r n a l  t e m p e r a t u r e  is s u p e r i o r  t o  
c o o k i n g  f o r  s t a n d a r d  t i m e s .
E x c e p t  i n t he  e x p e r i m e n t s  t o  d e t e r m i n e  o p t i m a l  i n t e r n a l  
t e m p e r a t u r e  ( C h a p t e r  5)  j o i n t s  wer e  cooked t o  an i n t e r n a l  t e m p e r a t u r e  
of  7 5 ° C . G r a n t  r e c o r d e r s  wer e  used t o  m o n i t o r  bot h  a i r  t e m p e r a t u r e  
and i n t e r n a l  t e m p e r a t u r e  in a l l  e x p e r i m e n t s .  A i r  t e m p e r a t u r e  was 
a d j u s t e d  when r e q u i r e d  u s i n g  r e a d i n g s  f r om t he s e n s o r  r a t h e r  than 
r e l y i n g  on an oven t h e r m o s t a t .  T h e  s e n s o r  was a l w a y s  l o c a t e d  in t he  
c e n t r e  o f  t h e  ov e n .  In many e x p e r i m e n t s ,  a f o r c e d  a i r  c o n v e c t o r  
oven was used t o  e n s u r e  g r e a t e r  u n i f o r m i t y  o f  t e m p e r a t u r e  t h r o u g h o u t  
t he c o o k i n g  p r o c e s s .  A l l  the j o i n t s  s t u d i e d  in C h a p t e r  5 and in t he  
G r a s s / Ra p e  t r i a l s  wer e cooked in t h i s  way.
T h e r m i s t o r s  f o r  m o n i t o r i n g  i n t e r n a l  t e m p e r a t u r e  were a l w a y s  
i n s e r t e d  i n t he  same p o s i t i o n .  M i n o r  a d j u s t m e n t s  were made,  i f  
r e q u i r e d ,  in r e s p o n s e  t o  changes  i nduced by the c o o k i n g  p r o c e s s .  Once 
an i n t e r n a l  t e m p e r a t u r e  of  70°C was r e a c h e d ,  c a r e f u l  a t t e n t i o n  was 
r e q u i r e d  i n t h a t  i n t e r n a l  t e m p e r a t u r e  s u b s e q u e n t l y  r ose  by l ° C / m i n .
6 . P o s t - C o o k i n g  P r o c e d u r e s
The r e q u i r e d  i n t e r n a l  t e m p e r a t u r e  a t t a i n e d ,  j o i n t s  wer e r e we i g h e d  
hot  i m m e d i a t e l y .  Sampl es of  f a t  and l ean were removed as i n d i c a t e d  
in s e c t i o n  3 of  t h i s  c h a p t e r  f o r  pH d e t e r m i n a t i o n s  and as s e s s me nt  of  
cooked aroma.  S e p a r a t e  e q u i p me n t  was used f o r  each j o i n t .  None of
t h e  e x t e r n a l  browned a r e a  was u s ed.  T o t a l  w e i g h t  l o s s e s  f o r  each
j o i n t  wer e  c a l c u l a t e d  and e x p r e s s e d  as a p e r c e n t a g e  of  raw on t h e  bone
w e i g h t s .  D r i p  l o s s e s  -  as d e t e r m i n e d  by i n c r e a s e d  in w e i g h t  of  t he
s t a n d a r d  r o a s t i n g  t i n s  -  wer e a l s o  e x p r e s s e d  as a p e r c e n t a g e  of  raw
on the bone w e i g h t  o f  j o i n t s .  S u b t r a c t i o n  o f  d r i p  l o s s e s  f rom t o t a l
w e i g h t  l o s s e s  e n a b l e d  e v a p o r a t i v e  l o s s e s  t o  be c a l c u l a t e d .  pH v a l u e s
of  t he cooked s l u r r y  wer e d e t e r m i n e d  by t he  use o f  a c a l i b r a t e d  pH
m e t e r .  Shoul d  t h e r e  a p p e a r  t o  have been no change o r  a f a l l  in pH
v a l u e  as a r e s u l t  o f  t h e  c o o k i n g  p r o c e s s ,  t h e  v a l u e  was a l w a y s  checked
E x c e p t  in e x p e r i m e n t s  d e s c r i b e d  in C h a p t e r  5 ,  j o i n t s  wer e c o o l e d
and r e f r i g e r a t e d  ( 5°C)  p r i o r  t o  s l i c i n g .  J o i n t s  wer e  s l i c e d  w i t h  a
M o u l i n e x  e l e c t r i c  c a r v e r .  S l i c e s  wer e  c o n v e r t e d  t o  s m a l l ,  u n i f o r m  
2
10mm p o r t i o n s  f o r  p r e s e n t a t i o n  t o  t a s t e r s .  T h i s  i n v o l v e d  r emoval  
of  v i s i b l e  f a t ,  the o u t e r  b o r d e r  o f  t h e  meat and any  a r e a s  o f  o b v i o u s  
g r i s t l e  and c o n n e c t i v e  t i s s u e .  T h i s  p r a c t i c e  a l l o w e d  sampl es t o  h a v e ,  
as f a r  as p o s s i b l e ,  u n i f o r m i t y  of  t e x t u r e  and f l a v o u r .  W h i l s t  some 
woul d a r g u e  t h a t  r emoval  of  v i s i b l e  f a t  c o u l d  a f f e c t  f l a v o u r ,  t h i s  
p r a c t i c e  is now common and is i ndeed a d i e t a r y  r ecomme ndat i on  ( E a t i n g  
f o r  H e a l t h  1 9 7 8 ) .  P r e v i o u s  s t u d i e s  i n c l u d i n g  t h o s e  o f  P a t t e r s o n  
( 1975)  and more r e c e n t l y  Mo t t r a m and Edwards ( 1983)  s u g g e s t  t h a t  
p r o v i d e d  f a t t y  t i s s u e  i s n ot  r emoved b e f o r e  c o o k i n g ,  i t s  c o n t r i b u t i o n  
t o  p o s t - c o o k i n g  f l a v o u r  w i l l  n o t  be a f f e c t e d .
In any c a s e ,  f o r  c o m p a r a t i v e  a sse ssme n t  of  f l a v o u r  and aroma i t  
is i m p o r t a n t  t h a t  o t h e r  p r o d u c t  a t t r i b u t e s  a r e  as n e a r l y  i d e n t i c a l  as 
p o s s i b l e .  T h i s  m i n i m i s e s  t h e  d i s t r a c t i n g  e f f e c t  of  ' c l u e s '  on 
s u b j e c t s '  p e r f o r m a n c e .
7.  P r e s e n t a t i o n  of  Samples t o  T a s t e r s  f o r  F l a v o u r  As s es s ment
Sampl es were p r e s e n t e d  t o  t a s t e r s  on w h i t e  175mm d i s p o s a b l e  
p 1a t e s . /
p l a t e s .  Sampl es wer e i d e n t i f i e d  by t h e  use of  a random number  t h r e e  
d i g i t  c ode.  Exampl es  a r e  shown ( P l a t e s  5 and 6 o f  t h e  A p p e n d i x ) .  
Re s e r v e  s u p p l i e s  o f  meats wer e a l w a y s  a v a i l a b l e  t o  e n s u r e  t h a t  any 
one o f  t he  sampl es  in t h e  p a i r e d  c o m p a r i s o n s  or  t r i a n g l e  t e s t s  d i d  
n o t  ' p r o m p t '  r e s p o n s e s  by d i f f e r i n g  in q u a n t i t y !  A l t h o u g h  r e c o r d i n g  
s h e e t s  used i n t r i a l s  were t he  same,  as i n d i c a t e d  i n C h a p t e r  3,  
a c t u a l  p r e s e n t a t i o n s  v a r i e d  t o  m i n i m i s e  p o s i t i o n a l  b i a s .
P a r t i c i p a n t s  were p r o v i d e d  w i t h  w a t e r  and cream c r a c k e r s  t o  
a c t  as p a l a t e  c l e a n e r s  a t  t a s t i n g  s e s s i o n s .  S i n c e  a r e p o r t  on 
a f t e r t a s t e  was n ot  r e q u i r e d ,  i t  was e mp hasi sed t h a t  a f t e r  f l a v o u r  
a s s e s s m e n t s ,  meat s need not  be s w a l l o w e d .  Paper  t o w e l s  a l l o w e d  f o r  
them t o  be d i s c a r d e d .  Pr o b l e ms  of  a l t e r a t i o n  i n r e s p o n s e  as a 
r e s u l t  o f  p o s t - i n g e s t i o n a 1 s a t i e t y  wer e  t h u s  a v o i d e d .  A l a i s s e z  
f a i r e  a p p r o a c h  was however  used t o  e n c o u r a g e  c o - o p e r a t i o n .  R e t a s t i n g  
was a l l  o we d .
E v e r y  e f f o r t  was made t o  e n s u r e  t h a t  t he a t mo s p h e r e  in t he 
l a b o r a t o r y  was c a l m,  p u r p o s e f u l  but  r e l a x e d .  S u b j e c t s  were e n c o u r a g e d  
t o  wor k  a t  t h e i r  chosen pace.  T h e y  a p p e ar e d  t o  wor k c o n s c i e n t i o u s l y  
and i n d e p e n d e n t l y  and w i t h  w i l l i n g n e s s  d e s p i t e  t h e  t e s t  p e r i o d s  o f t e n  
b e i n g  d u r i n g  a l u n c h  b r e a k .  ( The l a t t e r  i s  w e l l  r e c o g n i s e d  as b e i n g  
f a r  f r o m i d e a l  f o r  t e s t i n g  p r o c e d u r e s  of  t h i s t y p e ) .  In l a t e r  t r i a l s ,  
s e p a r a t e  b o o t h s  i n  a s p e c i a l i s t  s e n s o r y  a p p r a i s a l  room wer e u sed.
Or a ng e  l i g h t i n g  masked any s l i g h t  d i f f e r e n c e  between s a mp l e s .
In such e x p e r i m e n t s ,  t he  most  m e t i c u l o u s  c a r e  and a t t e n t i o n  t o  
d e t a i l  a r e  r e q u i r e d  of  the e x p e r i m e n t e r  i f  d i f e r e n c e s  i n a p p e a r a n c e  
and t e x t u r e  a r e  t o  be m i n i m i s e d .  Both can i n f l u e n c e  f l a v o u r  
p e r c e p t i o n .  A s u b j e c t ' s  r e s p o n s e  t o  an u n e x p e c t e d ,  a l b e i t  t i n y ,  
p o r t i o n  o f  g r i s t l e  c o u l d  e x e r t  s t r o n g  i n f l u e n c e  on p r e f e r e n c e .  Most  
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o f  t he  p r e p a r a t i o n s  we r e  t h e r e f o r e  c a r r i e d  ou t  by t h e  e x p e r i m e n t e r  
w i t h  m i n i m a l  t e c h n i c a l  a s s i s t a n c e .
S u b j e c t s  wer e  asked w h i c h  sampl e o f  a p a i r  t h e y  p r e f e r r e d  on 
t he  b a s i s  o f  f l a v o u r .  T r i a n g l e  t e s t s  wer e  a l s o  c a r r i e d  o u t  t o  
i d e n t i f y  t h e  odd s a mp l e ,  a g a i n  on the b a s i s  of  f l a v o u r .  T h e  d e s i g n  
o f  t he  e x p e r i m e n t s  i s  i n d i c a t e d  in T a b l e  6 . 2  ( C h a p t e r  6 ) .
8 . P r e s e n t a t i o n  o f  Sampl es f o r  A s s es s ment  o f  Aroma
In t h e s e  t r i a l s ,  u n i f o r m i t y  o f  a p p e a r a n c e  and t e x t u r e  posed few 
p r o b l e m s .  In C h a p t e r  3,  i t  has been n o t e d  t h a t  d i f f e r e n c e s  i n aroma 
wer e  e x p e c t e d  between t e s t  and c o n t r o l  sampl es and t h a t  r a ndomi se d  
p r e s e n t a t i o n s  AAB,  ABA and BAA wer e used w i t h  B b e i n g  t h e  t e s t  sampl e.
Raw sampl es  wer e a s s e s s e d  in t r i a l s  2 ,  3 and 5 and cooked sampl es  in 
t r i a l s  1, A and 6 . I t  was e mp hasi sed t h a t  t r i a l s  c o u l d  be c a r r i e d  
ou t  in any o r d e r  but  a s p e c i a l l y  d e s i g n a t e d  a r e a  of  the l a b o r a t o r y  
sh o u l d  be used f o r  each t r i a l .
S e p a r a t e  t i l e s ,  f o r c e p s  and s c a l p e l s  wer e used i n the 
p r e p a r a t i o n  of  t he s i x  A and t h r e e  B sampl es f o r  each t r i a l .  Samples
were t r a n s f e r r e d  t o  Q u i c k f i t  5 0 . 00ml b o i l i n g  t ubes  f i t t e d  w i t h  g r o u n d
g l a s s  s t o p p e r s .  Each t u be  and s t o p p e r  was marked a day in adv an c e  
w i t h  t h e  a p p r o p r i a t e  t h r e e  d i g i t  random number code u s i n g  a P e n t e l  
m a r k e r .  T h e  t h r e e  s t o p p e r e d  t u b es  f o r  each t r i a l  were c l i p p e d  
t o g e t h e r  w i t h  an e l a s t i c  band and i mmersed i n an a l u m i n i u m  beak er  
c o n t a i n i n g  100ml w a t e r .  For  30 mi n .  p r i o r  t o  t e s t i n g ,  each o f  t he  
s i x  b e a k e r s  was i mmersed i n a t h e r m o s t a t i c a l l y  c o n t r o l l e d  w a t e r  b a t h  
( 60°C)  t o  p r omot e  r e l e a s e  o f  ' v o l a t i l e s 1. T e s t e r s  were r e q u e s t e d  t o  
remove b e a k e r s  f o r  e a c h  t r i a l  f rom t he w a t e r b a t h  and t o  make t h e i r  
j u d g e m e n t  i n  t he  s p e c i a l l y  d e s i g n a t e d  a r ea  of  t he  l a b o r a t o r y .  T r i a l s  
c o u l d  be c a r r i e d  out  i n any o r d e r  and when c o n v e n i e n t  w i t h i n  a g i v e n  
t a s t i n g  s e s s i o n .
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A f t e r  r e mo v i n g  t he  s t o p p e r s ,  c o n t e n t s  of  each of  t h e  t h r e e  
t u b e s  wer e a s s e s s e d  f o r  ar oma.  R e c o g n i t i o n  of  the odd sampl e o f  the
t h r e e  was r e q u i r e d .  S u b j e c t s  wer e e n c o u r a g e d  t o  r e s pond even i f  t h e y
c o n s i d e r e d  t h a t  t h e y  wer e ' g u e s s i n g 1. F a i l u r e  t o  r e spond  was 
c o n s i d e r e d  t o  be a f a i l u r e  t o  i d e n t i f y  t he  odd sampl e of  the t r i o .  By 
r a n d o m i s i n g  p r e s e n t a t i o n s  i t  was hoped t o  m i n i m i s e  l e a r n i n g  e f f e c t s .
A f t e r  i mme r s i on  in t he  w a t e r b a t h  a t  60°C f o r  30 m i n u t e s  t h e r e  was no 
o b v i o u s  d i f f e r e n c e  between raw and cooked sampl es t o  g u i d e  t e s t e r s  in 
t h e i r  d e c i s i o n .  A f t e r  a s s e s s m e n t ,  b e a k e r s  c o n t a i n i n g  t he  t u bes  were 
r e t u r n e d  t o  the w a t e r b a t h  f o r  r e h e a t i n g .  A d d i t i o n a l  sampl es wer e 
a v a i l a b l e  on r a r e  o c c a s i o n s  when g r ound  g l a s s  s t o p p e r s  jammed o r  
b o i l i n g  t u b e s  f r a c t u r e d .  S u b j e c t s  wor ked a t  t h e i r  own p ace.  T h e  
i m p o r t a n c e  of  r e a c h i n g  i n d e p e n d e n t  c o n c l u s i o n s  was e mp h a s i s e d .
P o s i t i o n i n g  o f  d e s i g n a t e d  a r e a s  of  the l a b o r a t o r y  made o b s e r v a t i o n  
of  f a c i a l  e x p r e s s i o n s  o f  o t h e r  p a r t i c i p a n t s  d i f f i c u l t .  A g a i n ,  
e x t r e m e  c a r e  was r e q u i r e d  o f  the e x p e r i m e n t e r .  P r o c e d u r e s  o u t l i n e d  
wer e i n e v i t a b l y  messy and u n o b t r u s i v e  c l e a r i n g  o f  d e s i g n a t e d  ar eas 
of  t h e  l a b o r a t o r y  was e s s e n t i a l  t o  a v o i d  d i s t r a c t i o n  o f  p a r t i c i p a n t s .
When f l a v o u r  ( p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s )  and aroma 
( t r i a n g l e  t e s t s )  wer e  c o m p l e t e d ,  a f t e r  c h e c k i n g ,  r e c o r d i n g  f or ms wer e 
s u b m i t t e d  t o  QMC' s Dat a  P r o c e s s i n g  C e n t r e  f o r  a n a l y s i s  w i t h  comp u t er  
s u p p o r t .  T h e s e  p r o c e d u r e s  had been r e f i n e d  f o l l o w i n g  e x p e r i m e n t s  
d e s c r i b e d  i n C h a p t e r  5.
9.  S e l e c t i o n  o f  T a s t e r s
I t  had a l w a y s  been t h e  o r i g i n a l  i n t e n t i o n  t o  use o n l y  t a s t e r s  
s e l e c t e d  on t h e  b a s i s  o f  p r e l i m i n a r y  s c r e e n i n g  t e s t s .  I n d i v i d u a l s  
di f f e r  in sens i t  i v i t y  , i n t e r e s t , mot i v a t  i on and abi  1 i t y  t o  j u d g e  
d i f f e r e n c e s .  I t  was r e c o g n i s e d  t h a t  r e s u l t s  of  t r a i n e d  o r  e x p e r i e n c e d  
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p a n e l s  may not  r e s e mb l e  t h o s e  of  consumer  s t u d i e s  and t h a t  the 
d e s i r a b l e  p r e t e s t i n g  of  t h e  f ood t o  be a s s e s s e d  was i m p r a c t i c a b l e .
A p t i t u d e  f o r  f l a v o u r  a s s e s s me n t  v a r i e s  between i n d i v i d u a l s ,  between 
p r o d u c t s  and a t  d i f f e r e n t  t i me s  f o r  t h e  same i n d i v i d u a l s  and p r o d u c t s .
Some s a c r i f i c e  o f  p r e c i s i o n  was r e q u i r e d  t o  saVe t i me  and e x p e n s e .
V a r i o u s  s c r e e n i n g  p r o c e d u r e s  a r e  used but  p o s s i b l y  t h e  s e l e c t i o n  of  
t a s t e r s  on t h e  b a s i s  o f  p e r f o r m a n c e  as d e s c r i b e d  i n the D e o i l e d  H e r r i n g  
S i l a g e  t r i a l s  ( R e l a t e d  S t u d i e s )  i s  t he  most  p r a c t i c a b l e  i n t h e  C o l l e g e  
s i t u a t i o n .  Ho we v e r ,  many p a r t i c i p a n t s  i n s u b s e q u e n t  t r i a l s  t o o k  p a r t  
i n the J u l y  1977 e x p e r i m e n t s  w i t h  lamb chops and were t h u s  aware of  
what  was r e q u i r e d  o f  them.
S p e n c e r  ( 1 9 7 2 ) ,  h i m s e l f  t r a i n e d  a t  A r t h u r  D L i t t l e  Re s e a r c h  C o . ,  
s e l e c t e d  p ane l  members on t h e i r  a b i l i t y  t o  i d e n t i f y  p r i m a r y  t a s t e s  in 
aqueous s o l u t i o n s ,  p e r f o r m a n c e  i n r a n k i n g  s u c r o s e  s o l u t i o n s  o f  d i f f e r i n g  
c o n c e n t r a t i o n  and i n od ou r  r e c o g n i t i o n  t e s t s .  T h e  e x t e n t  t o  w h i c h  
such se l e ct i on  p r o c e d u r e s  a r e  r e f l e c t e d  i n s u p e r i o r  p e r f o r m a n c e  in a c t u a l  
t e s t s  i s  d i f f i c u l t  t o  a s s e s s  and Kramer  e t  a l  ( 1961)  c o n s i d e r e d  i t  
u nwi s e  t o  r e j e c t  s u b j e c t s  on t he b a s i s  o f  a s i n g l e  s c r e e n i n g  t e s t .
Sp e nce r  t e s t e d  147 p e o p l e .  O n l y  73 were s e l e c t e d  on t h e i r  a b i l i t y  t o  
i d e n t i f y  p r i m a r y  t a s t e s  o f  whom 67 t ook  p a r t  in r a n k i n g  t e s t s .  A 
f u r t h e r  f i v e  wer e r e j e c t e d .  Of  t he  57 p a r t i c i p a n t s  in t h e  odour  
r e c o g n i t i o n  t e s t s  o n l y  43 r emai ned o f  whom o n l y  30 wer e s u b s e q u e n t l y  
t r a i n e d  as p ane l  members.  T h i s  r e p r e s e n t s  a s u c c e s s  r a t e  o f  o n l y  20%.  
T w e n t y o n e  o f  t he  s u b j e c t s  who t ook p a r t  i n  t r i a l s  d e s c r i b e d  i n C h a p t e r s  
5,  6 and 8 had c a r r i e d  ou t  s i m i l a r  t e s t i n g  p r o c e d u r e s .  A speci men
r e c o r d i n g  f or m i s  i n c l u d e d  i n t h e  A p p e n d i x  ( T a b l e  4 . 3 ) .  E l e v e n  i d e n t i f i e d  
t he  p r i m a r y  t a s t e s  c o r r e c t l y .  Two t r a n s p o s e d  t ap  w a t e r  and t he  b i t t e r  
s t i m u l u s .  S i x  t r a n s p o s e d  s o u r  and b i t t e r  s t i m u l i .  T h e s e  a r e  b ot h  v e r y  
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common e r r o r s .  P a r t i c i p a n t s  woul d  n o r m a l l y  be r e t e s t e d .  T h e  two 
o t h e r s  t e s t e d  d i d  n o t  r e s pond t o  t h e  s a l t  s t i m u l u s .
T w e l v e  s u b j e c t s  r anked t he  8 , 10 and 12% s u c r o s e  s o l u t i o n s  
c o r r e c t l y .  T h i s  i s  a v e r y  demandi ng  p r o c e d u r e .  In o d o u r  r e c o g n i t i o n  
t e s t s ,  t he  e x p e r i m e n t e r  awar ds  s c o r e s  f o r  each d e s c r i p t i o n .  A s c o r e  
of  f i v e  i s  awarded f o r  a named c h e m i c a l ,  f o u r  f o r  a c o l l o q u i a l  
e q u i v a l e n t  t h r o u g h  t o  one f o r  any r e s p o n s e  w h i c h  c o u l d  be c o n s i d e r e d  v a l i d  
by t h e  s u b j e c t .  T o  be a c c e p t e d  f o r  t r a i n i n g  a s c o r e  o f  6 0 - 7 0 %  i s  g e n e r a l l y  
r e q u i r e d .  S c o r e s  wer e v e r y  h i g h .  T h r e e  o f  t he  21 wer e  l a b o r a t o r y  
t e c h n i c i a n s .  T wo wer e n u r s e s .  E f f e c t s  on s c o r e s  a r e  i n d i c a t e d  in 
T a b l e  4.  1.
T a b l e  4. 1 Odour  R e c o g n i t i o n  S c o r e s
N_ X SD
1. T o t a l  -  a l l  s u b j e c t s  21 7 0 . 4  10. 6
2.  T o t a l  -  o m i t t i n g  l a b o r a t o r y
t e c h n i c i a n s  18 6 8 . 1  8 . 4
3.  As 2 o m i t t i n g  n u r s e s  16 7 0 . 3  5 . 7 8
One t e c h n i c i a n  s c o r e d  93%.  T h e  two n u r s e s  s c o r e d  50% 
and 5 1 %.
R e s u l t s  o f  t h e s e  t e s t s  wer e n o t  s u b s e q u e n t l y  l i n k e d  t o  
p e r f o r m a n c e  in lamb t r i a l s .  As i s  i n d i c a t e d  i n C h a p t e r  5 ,  p a r t i c i p a n t s  
f r e q u e n t l y  changed and t he  n u r s e s  me n t i o n e d  above had l e f t  C o l l e g e  
b e f o r e  t he  mai n t r i a  Is s t a r t e d . T h e r e  woul d  have been t o o  few s u b j e c t s  
t o  a c h i e v e  v a l i d  r e s u l t s .  Howe v e r ,  t h e y  a r e  o f  i n t e r e s t  and t end t o  
c o n f i r m  t h e  o b s e r v a t i o n  in o t h e r  c h a p t e r s  t h a t  QMC s t u d e n t s  and s t a f f  
p e r f o r m  w e l l  in s e n s o r y  t e s t i n g  p r o c e d u r e s .
Most  w o r k e r s  now a g r e e  t h a t  no c o n s i s t e n t  r e l a t i o n  between 
t a s t e  a c u i t y  and j u d g e s  r e p o n s e s  can be d e m o n s t r a t e d .  Howe v e r ,  
a l t h o u g h  i t  is o n l y  one f a c t o r  i n d i s c r i m i n a t o r y  a b i l i t y ,  i t  is 
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r e a s o n a b l e  t o  e x p e c t  t a s t e r s  t o  i d e n t i f y  t he  f o u r  p r i m a r y  t a s t e s .
G i r a r d o t  ( 1 95 2 )  i n d i c a t e d  t h a t  t h e  Q u a r t e r m a s t e r  g r o u p  r e j e c t e d  t h o s e  who 
c o u l d  n o t  do so.  W h i l s t  such s c r e e n i n g  p r o c e d u r e s  a v o i d s  i n c l u d i n g  s u b j e c t s  
of  p o o r  a b i l i t y  i t  does n ot  i d e n t i f y  i n  advance t h o s e  who l o s e  i n t e r e s t  
as e x p e r i m e n t a l  t r i a l s  c o n t i n u e .  Mackey and J o n e s  ( 1954)  showed t h a t  
h i g h  s e n s i t i v i t y  d i d  not  c o r r e l a t e  w e l l  w i t h  a b i l i t y  t o  a r r a n g e  f oods  
in o r d e r  o f  s t i m u l u s  c o n c e n t r a t i o n .  S e q u e n t i a l  p e r f o r m a n c e  in t r i a n g l e
t e s t s  is used by many e x p e r i m e n t e r s  ( Wi n g e r  and Pope 1 9 8 1 ) .  In most  
s i t u a t i o n s ,  A m e r i n e  e t  a l  ( 1 96 5 )  comment t h a t  e l a b o r a t e  p r e - t e s t i n g  
p r o c e d u r e s  a r e  p r o b a b l y ^ u n n e c e s s a r y .
A m a j o r i t y  of  pane l  members had e i t h e r  t r a i n i n g  or  e x p e r i e n c e  in 
t he  use o f  s e n s o r y  a p p r a i s a l  t e c h n i q u e s .  In r e q u e s t i n g  v o l u n t e e r s  f o r  
new s t a g e s  of  t h e  t r i a l s ,  i t  was not  c o n s i d e r e d  d e s i r a b l e  t o  r e j e c t  
t h o s e  who wer e  w i l l i n g  t o  p a r t i c i p a t e .  T h o s e  whose r e s u l t s  showed 
l i t t l e  a p t i t u d e  c o u l d  be d r opp e d f r om t h e  t r i a l s  w i t h o u t  t h e i r  
k n o w l e d g e .  In r e t r o s p e c t ,  t h o s e  s e l e c t e d  as panel  members m i g h t  have 
c o n s i d e r e d  t h e m s e l v e s  an e l i t e  g r o u p  w h i c h  c o u l d  have i n c r e a s e d  
m o t i v a t i o n  and have s t i m u l a t e d  o t h e c S t o  a p p l y !
10. F a c t o r s  A f f e c t i n g  S e n s i t i v i t y  of  Panel  Members
Good h e a l t h  i s  i m p o r t a n t .  P a i n ,  d i s c o m f o r t  or  t i r e d n e s s  i n t e r f e r e  
w i t h  j u d g e m e n t s .  S e n s i t i v i t y  d e c l i n e s  a f t e r  the age of  50 but  e x p e r i e n c e  
and t r a i n i n g  may c omp e n s at e.  In women,  t he  s t a g e  o f  t he m e n s t r u a l  
c y c l e  may be o f  i m p o r t a n c e .  I t  i s c l a i m e d  t h a t  odour  s e n s i t i v i t y  may 
be g r e a t e r  p r e m e n s t r u a  1 l y  b u t  a s u r v e y  c a r r i e d  o u t  by t he  a u t h o r  s u g g e s t s  
t h a t  a g r e a t  d e al  o f  c a r e f u l  e x p e r i m e n t a t i o n  woul d  be r e q u i r e d  t o  
c o r r o b o r a t e  t h i s  v i e w .  C o n t r a r y  t o  p o p u l a r  o p i n i o n ,  smokers and n o n -  
smokers p e r f o r m  e q u a l l y  w e l l  ( S p e n c e r  1 9 7 2 ) .  R e q u i r i n g  t a s t e r s  t o  
a b s t a i n  f r om smoki ng f o r  30 m i n u t e s  b e f o r e  t a s t i n g  s e s s i o n s  has more t o  
do/
71.
do w i t h  t h e  d i s t r a c t i n g  e f f e c t  o f  t o b a c c o  on n o n - s m o k e r s  t han smoker s '  
own p e r f o r m a n c e .  C o s m e t i c s  and h i g h l y  per f umed soaps have s i m i l a r  
d i s t r a c t i n g  e f f e c t s .
I n t e r e s t ,  m o t i v a t i o n ,  c o m p e t i t i o n  and k nowl edg e  of  t e s t  r e s u l t s
a r e  w e l l  r e c o g n i s e d  p s y c h o l o g i c a l  f a c t o r s  a f f e c t i n g  s e n s i t i v i t y .  I t
i s o f t e n  d i f f i c u l t  t o  i n d i c a t e  i n d i v i d u a l s '  r e s u l t s  w i t h o u t  a f f e c t i n g
s u b s e q u e n t  t e s t  p r o c e d u r e s  or  d i s c o u r a g i n g  t h e  p o o r  p e r f o r m e r ,  but
a t t e m p t s  were made t o  keep p a r t i c i p a n t s  i n f o r me d  o f  e x p e r i m e n t a l
r e s u l t s  d u r i n g  t r i a l s .  J u d g e s  may become d i s c o u r a g e d  and l o s e  i n t e r e s t
when l i t t l e  d i f f e r e n c e  is d e t e c t e d  between s a mp l e s .  T h i s  c o u l d  p er h ap s
e x p l a i n  the f a l l i n g  o f f  i n a t t e n d a n c e  d u r i n g  t he e x p e r i m e n t s  d e s c r i b e d
in C h a p t e r s  5 and 6 p a r t i c u l a r l y .  S u b j e c t s  a p p a r e n t l y  l i k e  t o  f i n d
d i f f e r e n c e s  between s a mp l e s .  In u s i n g  t e c h n i c i a n s  and e m p l o y e e s ,
i n t e r e s t  c a n n o t  be assumed.  None of  t h e s e  g e n e r a l l y  a c c e p t e d  b e l i e f s  
seems t o  have been t e s t e d  e x p e r i m e n t a l l y  p o s s i b l y  f o r  r e a s o n s  o f  t i m e  and
c o s t .  Some exampl es  o f  t he  e x p e r i m e n t e r ' s  c o n t a c t  w i t h  t a s t e r s  a r e  i n c l u d e d  
i n the A p p e n d i x . ( T a b l e s  4 . 4  t o  4 . 9 ) .
11. Panel  S i z e
In the g u i d e  p r e p a r e d  by t he  Commi t t ee  on S e n s o r y  E v a l u a t i o n  of  
the  I n s t i t u t e  o f  Food T e c h n o l o g i s t s  ( Anon.  1 9 6 4 ) ,  r e comme ndat i ons  a r e  
f o r  t h r e e  t o  ten t r a i n e d ,  e i g h t  t o  25  s e m i - t r a i n e d  or  o v e r  80 u n t r a i n e d  
j u d g e s .  BS 5929 a l s o  a d v i s e s  on p ane l  s i z e s .  Panel s f o r  p r e f e r e n c e  
t e s t i n g  w h i c h  i s  so h i g h l y  s u b j e c t i v e  s h o u l d  be l a r g e r  than t h o s e  f o r  
d i f f e r e n c e  t e s t i n g .  A m e r i n e  e t  a l  ( 1965)  recommend 1 0- 20  j u d g e s  w i t h  
t h r e e  or  f o u r  r e p l i c a t i o n s  p e r  j u d g e .  T h i s  r e commendat i on  was f o l l o w e d  
w h e r e v e r  p o s s i b l e  i n the p r e s e n t  s t u d i e s  b u t ,  in t h e  e v e n t ,  p ane l  s i z e  
was u l t i m a t e l y  d e t e r m i n e d  by a v a i l a b i l i t y  and w i l l i n g n e s s  t o  a t t e n d  
t a s t i n g  s e s s i o n s .
D i sc us s  i on/
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D i s c u s s i o n  w i t h  s t u d e n t s  who had taken p a r t  in p r e v i o u s  t r i a l s  
s u g g e s t e d  t h a t  w h i l s t  o u t - o f - p o c k e t  e xpe n se s  s h o u l d  be r e i m b u r s e d ,  
payment  c o u l d  i n d u c e  v o l u n t e e r i n g  f o r  t he ' w r o n g '  r e a s o n s  and woul d 
be e x t r e m e l y  e x p e n s i v e .
V o l u n t e e r s  wer e  t hus  r e q u e s t e d  f rom QMC s t a f f  and s t u d e n t s .
Howe v e r ,  f ew p e o p l e  seemed t o  r ead n o t i c e s  u n t i l  t r i a l s  wer e co mp l e t e d  
and i n d i v i d u a l  n o t i c e s  f a r e d  l i t t l e  b e t t e r .  I n a  S c o t t i s h  C e n t r a  1 
I n s t i t u t i o n  wh er e  t e a c h i n g  is r e g a r d e d  as t he  mai n c o mmi t me nt ,  s t a f f  
a r e  n o t  a l wa y s  w i l l i n g  t o  r e l e a s e  i n d i v i d u a l s  or  g r o u p s  f o r  t a s t i n g  
s e s s i o n s  w h i c h  a r e  n o t  seen t o  be d i r e c t l y  r e l a t e d  t o  t h e  l e a r n i n g  
p r o c e s s .  O t h e r s  f e e l  t h a t  s t u d e n t s  s h o u l d  not  be ' u s e d '  i n  t h i s  way.
I t  was n ot  f ound  t h a t  t h e r e  was a l a r g e  p ool  o f  s t u d e n t s  t o  a c t  as 
t a s t e r s ,  n o r  t h a t  because l a r g e  numbers o f  them and t h o s e  who t e a ch 
them a r e  t a k i n g  p a r t  i n f ood o r i e n t a t e d  c o u r s e s  commi t ment  t o  
t a s t e  p a n e l s  woul d  be a p r i o r i t y .
T h e  p r o b l e m i s n o t  u n i q u e  t o  QMC. Of  29 ESCA v o l u n t e e r s ,  o n l y  
s i x  r e ma i ne d  l a t t e r l y .  In r e s e a r c h  i n s t i t u t e s  o r  in t h e  f ood  i n d u s t r y ,  
i t  i s  r e c o g n i s e d  t h a t  t a s t e  p ane l  wor k i s a r e s p o n s i b i l i t y  of  o n e ' s  
p o s t .  In t h i s  s i t u a t i o n ,  a v a i l a b i l i t y  i s  t h e  mai n c r i t e r i o n  f o r  
member shi p  but  even t h e n ,  day r e l e a s e  c l a s s e s ,  a t t e n d a n c e  a t  m e e t i n g s  
and a b s enc e s  on b u s i n e s s  s t i l l  pose p r o bl e ms  of  p r o v i d i n g  o r t h o g o n a l  
g r o u p s .
I t  must  t h u s  be a c c e p t e d  t h a t  in s e n s o r y  a p p r a i s a l  t e s t s ,  panel  
s i z e s  a r e  o f t e n  t o o  s ma l l  t o  s a t i s f y  t he  s t a t i s t i c i a n  and t h a t  t h i s  is 
a p r o b l e m a l m o s t  i n h e r e n t  t o  the t e c h n i q u e .  T h e  e x p e r i m e n t e r  c a n n o t  
c o e r c e ,  s i n c e  c o - o p e r a t i o n  and m o t i v a t i o n  o f  t a s t e r s  a r e  e s s e n t i a l .
I t  i s  d i f f i c u l t  t o  e x p l a i n  t h a t  a t t e n d a n c e  i s  c r u c i a l  t o  good 
e x p e r i m e n t a l  d e s i g n ,  p a r t i c u l a r l y  as r e a s o n s ,  a p a r t  f rom f o r g e t t i n g ,  a r e  
u s u a 1 1 y /
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u s u a l l y  v a l i d .  In any c a s e ,  w i t h  c o mm o d i t i e s  such as m e a t s ,  l i m i t e d  
y i e l d  and c o s t  a r e  a d d i t i o n a l  c o n s t r a i n t s .
Ho w e v e r ,  s e t  i n  c o n t e x t ,  when t a s t i n g  s e s s i o n s  f orm p a r t  of  a 
t e a c h i n g  pr ogr amme a t  e i t h e r  QMC or  ESCA panel  s i z e s  a r e  a d e q u a t e  
and members have been shown t o  p e r f o r m  w e l l .  Much o f  t h e  p r e s e n t  
wor k  was c a r r i e d  ou t  in t h i s  way.
12. T e s t i n g  E n v i r o n m e n t  and P r e s e n t a t i o n  of  Samples
R e g u l a r  s e s s i o n s ,  q u i e t n e s s ,  c o m f o r t ,  o r d e r l i n e s s  and a t t r a c t i v e  
p r e s e n t a t i o n  o f  sampl es a r e  e s s e n t i a l  p r e r e q u i s i t e s  i n s e n s o r y  
a p p r a i s a l  t e s t i n g .  U n i f o r m i t y  o f  p r e s e n t a t i o n  t o  a c h i e v e  c o m p a r a b i l i t y  
between t a s t e r s  and f r om p ane l  t o  p ane l  i s  n e c e s s a r y .  T e m p e r a t u r e ,  
h u m i d i t y ,  r a t e  o f  a i r  f l o w  and a i r  p u r i t y  ar e  i m p o r t a n t  and a r e  more 
r e a d i l y  c o n t r o l l e d  in s p e c i a l i s t  accommodat i on such as t h a t  a v a i l a b l e  
a t  QMC. I n d e p e n d e n t  j u d g e m e n t s  a r e  e s s e n t i a l  so t h a t  s e p a r a t e  boot h s  
a r e  o f  g r e a t  a s s i s t a n c e  as a r e  n e u t r a l  b a ck g r ound o f  c e i l i n g ,  w a l l s  
and f l o o r .  I t  i s d e s i r a b l e  t h a t  c o l o u r e d  l i g h t i n g  can be used t o  
d i s g u i s e  s l i g h t  d i f f e r e n c e s  in a p p e a r a n c e  of  f o o d s  w h i c h  c o u l d  c r e a t e  
f l a v o u r  a n t i c i p a t i o n .
O p t i m a l  t i m i n g  is c o n t r o v e r s i a l  and may be i n f l u e n c e d  by the
p r o d u c t  b e i n g  t e s t e d .  Mid and l a t e  mo r n i n g  and a f t e r n o o n  a r e  g e n e r a l l y
most  p r e f e r r e d  w i t h  p a n e l s  i m m e d i a t e l y  a f t e r  meal s  l e a s t  p r e f e r r e d .  
C h r i s t i e  ( 1 96 2 )  n o t e d  t h a t  meat  t a s t e r s  p e r f o r me d  s l i g h t l y  b e t t e r  when 
h u n g r y .  F or  r e a s o n s  i n d i c a t e d  e l s e w h e r e  i n t h i s  s t u d y ,  t h e r e  was no 
c h o i c e  of  t i m e .  S e s s i o n s  t ook p l a c e  wh ene v e r  p a r t i c i p a n t s  wer e 
a v a i l a b l e .
F o r  r e as ons  of  economy o f  panel  t i m e ,  the maximum number of  sampl es 
c o m p a t i b l e  w i t h  a v o i d i n g  s e n s o r y  f a t i g u e  s h o u l d  be a s s e s s e d  at  a s e s s i o n .  
I f  sampl es  a r e  t a s t e d  and d i s c a r d e d  and p a l a t e  c l e a n e r s  a r e  u s e d ,  t he  
o n s e t /
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o n s e t  of  s e n s o r y  f a t i g u e  can be d e l a y e d .  T h u s  i t  p r o v e d  p o s s i b l e  t o  
p r e s e n t  f o u r  r e p l i c a t e s  i n s t e a d  o f  two i n t r i a n g l e  t e s t s .  When 
s u r v e y e d ,  t h e  m a j o r i t y  of  p a r t i c i p a n t s  j u d g e d  t h e  number  of  sampl es 
t o  be 1 a b o u t  r i  g h t 1 .
P r e v i o u s  e x p e r i m e n t a t i o n  and r e s u l t s  d e s c r i b e d  i n C h a p t e r  5 
i n d i c a t e  t h a t  the p r o c e d u r e s  d e v i s e d  f o r  the p r e s e n t  t r i a l s  wer e 
s a t i s f a c t o r y .  In p a r t i c u l a r ,  t a s t e r s  wer e  a s s e s s i n g  lamb sampl es 
as t h e y  a r e  t r a d i t i o n a l l y  p r e p a r e d  in the U n i t e d  Ki ngdom.
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Summary -  D e t e r m i n i n g  t h e  O p t i m a l  I n t e r n a l  T e m p e r a t u r e  f o r  Lamb 
J o i n t s .
G i g o t s  and l o i n s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  wer e cooked 
u nde r  c o n t r o l l e d  c o n d i t i o n s  t o  f o u r  d i f f e r e n t  i n t e r n a l  t e m p e r a t u r e s .  
H e d o n i c  r a t i n g  s c a l e s  wer e  used t o  a s s e s s  o p t i m a l  i n t e r n a l  
t e m p e r a t u r e s ,  i f  l e f t  and r i g h t  j o i n t s  f r om t he  same c a r c a s s  d i f f e r e d  
and t o  a s s e s s  t a s t e r s '  c o n s i s t e n c y  i n d u p l i c a t e d  t e s t s  and t o  compare 
t h e i r  a c u i t y  when sampl es wer e t a s t e d  e i t h e r  hot  o r  c o l d .  I t  was 
p o s s i b l e  t o  a c h i e v e  s u f f i c i e n t l y  m e a n i n g f u l  r e s u l t s  t o  make 
r e comme ndat i ons  f o r  f u t u r e  e x p e r i m e n t a l  i n v e s t i g a t i o n s .
D e t e r m i n i n g  O p t i m a l  I n t e r n a l  T e m p e r a t u r e s  f o r  Lamb J o i n t s  
!• S i n c e  t he  AAHE r e c o mme n d a t i o n s  o f  1971,  i t  has been c o n s i d e r e d
t h a t  i n t e r n a l  t e m p e r a t u r e s  o f  6 0 ° ,  71°C and 77°C w i l l  n o r m a l l y  p r o d u c e  
beef  r o a s t s  defined as r a r e ,  medium r a r e  and w e l l  done r e s p e c t i v e l y .
I t  is r e c o g n i s e d  t h a t  s e x ,  age o f  a n i ma l  a t  s l a u g h t e r ,  e x t e n t  o f  
c a r c a s s  r i p e n i n g  and c o o k i n g  t e m p e r a t u r e  may a l t e r  t he  t e m p e r a t u r e  of  
c o l o u r  changes and hence a sse ssme nt  of  d o n e n e s s .  In t he p r e s e n t  
e x p e r i m e n t s  t h e s e  f a c t o r s  were c o n t r o l l e d .  A l t h o u g h  t h e r e  have been 
many s t u d i e s  o f  b e e f ,  f e w e r  a p p e a r  t o  have been c a r r i e d  o u t  w i t h  lamb 
in t h e  U n i t e d  Ki ngdom.  Rhodes ( 1976)  in r e p o r t i n g  on lamb j o i n t s  f r om 
sheep fed l u ce r ne  t r e a t e d  w i t h  f o r m a l d e h y d e  or  g 1 u t a r a 1 d e h y d e , i n d i c a t e d  
t h a t  an i n t e r n a l  t e m p e r a t u r e  o f  80° was s e l e c t e d  a t  MR I . An oven 
t e m p e r a t u r e  o f  150°C ( 300°F a p p r o x i m a t e l y )  was u sed.  T h e  AAHE 
r e comme ndat i ons  f o r  lamb a r e  t h a t  an i n t e r n a l  t e m p e r a t u r e  of  65 C 
s h o u l d  be a t t a i n e d .  N o r m a l l y  t h e  U . S . D e p a r t me n t  of  A g r i c u l t u r e  
recommends a c o o k i n g  t e m p e r a t u r e  of  325°E ( 163°C)  t o  combi ne maximum 
y i e l d ,  j u i c i n e s s  and t e n d e r n e s s  in r o a s t e d  me at s .
T h e /
CHAPTER 5
T h e  t i m e / t e m p e r a t u r e  re 1 a t i o n s h i p  makes c a r e f u l  c o n t r o l  o f  
c o o k i n g  t e m p e r a t u r e  e s s e n t i a l  ( C h a p t e r  k). However  an oven t e m p e r a t u r e  
of  177°C ( 350°F  a p p r o x i m a t e l y )  used in t h e  p r e s e n t  e x p e r i m e n t s  i s  
c o n s i d e r e d  t o  c o r r e s p o n d  more c l o s e l y  t o  c u l i n a r y  p r a c t i c e  in t he  
U n i t e d  Ki ngdom.  I t  i s  a c c e p t e d  t h a t  t h e r e  i s  v a r i a t i o n  i n r o a s t i n g  
t e c h n i q u e s .  T h e  e x p e r i m e n t e r  c o n s i d e r e d  t h a t  t h e r e  were i n d i c a t i o n s  
t h a t  i n d i v i d u a l s '  p r e f e r e n c e  f o r  ' d o n e n e s s '  even i n lamb show v a r i a t i o n ,  
a l t h o u g h  p o s s i b l y  t o  a l e s s e r  e x t e n t  t han f o r  b e e f .  I t  was t hus  
d e c i d e d  t o  cook j o i n t s  u n d e r  s t a n d a r d  c o n d i t i o n s  t o  f o u r  d i f f e r e n t  
i n t e r n a l  t e m p e r a t u r e s  -  70°C,  75°C,  80°C and 85°C.  L e f t  hand s i d e  
( LHS)  and r i g h t  hand s i d e  (RHS)  g i g o t  ( G)  and l o i n  ( L )  r o a s t s  wer e 
c ooke d.  E x p e r i m e n t s  wer e  c a r r i e d  o u t  as f o l l o w s :  ( T a b l e  5 . 1 )
T a b l e  5 . 1  A l l o c a t i o n  of  J o i n t s  t o  I n t e r n a l  T e m p e r a t u r e s
77.
J o i n t s »  I n t e r n a l  t e m p e r a t u r e  a t t a i n e d  °C
A,  E 70
B,  F 75
C,  G 80
D,  H 85
•' Obtai ned f r om t h e  c a r c a s s e s  of  e i g h t  S c o t t i s h
B l a c k f a c e  w e t h e r s  of  c o mp a r a b l e  w e i g h t  and f e e d i n g
r e g i me  f rom the ESCA f a r ms .
I t  can t hus  be seen t h a t  t h e  f o u r  j o i n t s  o b t a i n e d  f rom c a r c a s s e s  
A and E were cooked t o  an i n t e r n a l  t e m p e r a t u r e  o f  70°C.  A s i m i l a r  
p r a c t i c e  was f o l l o w e d  f o r  t h e  f o u r  j o i n t s  f rom t h e  r e m a i n i n g  t h r e e  
p a i r s  of  c a r c a s s e s  cooked t o  i n t e r n a l  t e m p e r a t u r e s  o f  75°C,  80°C and 
85°C r e s p e c t i v e l y .  A p a r t  f rom l o i n  r o a s t s  A t o  D,  LHS and RHS,  a l l
t r i a l s ,  unknown t o  t a s t e r s ,  wer e d u p l i c a t e d .  P r e s e n t a t i o n  of  sampl es
t o  them was as i n d i c a t e d  i n Append i x ' T a b  le 5 . 7 .  f\ seven p o i n t  h e d o n i c  
r a t i n g  s c a l e  was used ( A p p e n d i x  T a b l e  5 - 2 ) .  D e s p i t e  i t s  a p p a r e n t  s i m p l i c i t y
the l i m i t a t i o n s  o f  a s s e s s i n g  meats by h e d o n i c  s c a l e s  i s  r e c o g n i s e d  
p a r t  i cu liar 1 y/
p a r t i c u l a r l y  when t h e  number  o f  p a r t i c i p a n t s  was not  a l wa y s  g r e a t e r  
t han 20.  T h i s  q u a l i f i c a t i o n  i s  r e i n f o r c e d  by t he  a n a l y s i s  o f  t a s t e r s '  
s c o r e s  i n d u p l i c a t e d  t e s t s .  C o n s i s t e n c y  was on t he  wh ol e  p o o r .  Lack 
o f  c o n s i s t e n c y  i n e v i t a b l y  r e s t r i c t s  t h e  c o n c l u s i o n s  t o  be drawn f rom 
such e x p e r i m e n t s .
R e s u l t s  wer e a n a l y s e d  u s i n g  F r i e d m a n ' s  Two- Wa y  A n a l y s i s  of
V a r i a n c e .  Reasons f o r  s e l e c t i n g  t h i s  n o n - p a r a m e t r i c  s t a t i s t i c a l
t e c h n i q u e  a r e  i n d i c a t e d  i n t h e  s e c t i o n  on S t a t i s t i c a l  P r o c e d u r e s  in
C h a p t e r  3.  S i n c e  the v a l u e  o f  N a l w a y s  exceeded 9 and K was
2
A,  s t a n d a r d  X t a b l e s  wer e used t o  d e t e r m i n e  s i g n i f i c a n t  l e v e l s  o f  
t h e  Chi  R s q u a r e  v a l u e s .  Col umn t o t a l s  i . e .  t he  ranked s c o r e s  f o r  
lamb o f  a p a r t i c u l a r  i n t e r n a l  t e m p e r a t u r e  p r o v i d e  some i n d i c a t i o n  o f  
t h e  d i f f e r e n c e s  i n a t t i t u d e  t o wa r d s  each sa mp l e .  S i g n  t e s t s  wer e used 
t o  p r o v i d e  more p r e c i s e  i n f o r m a t i o n .  T a b l e s  of  t h e  most  f r e q u e n t l y  
ranked s c o r e s ,  medi an v a l u e s  and ' l i k e '  r e s p o n s e s  ( i . e .  s c o r e s  e x c e e d i n g  
A) wer e c o n s t r u c t e d  s i n c e  the o n l y  r e s u l t  o f  s t a t i s t i c a l  s i g n i f i c a n c e  
in t h e  wh o l e  s e r i e s  of  t r i a l s  ( p < 0 . 0 5 ) was f o r  a l o i n  r o a s t  cooked t o  
an i n t e r n a l  t e m p e r a t u r e  of  75°C.  T a s t e r s '  r e s u l t s  i n d u p l i c a t e d  t e s t s  
were c o r r e l a t e d  and Spearman Rho v a l u e s  c a l c u l a t e d .  In a n a l y s i n g  the 
r e s u l t s ,  i n t e r e s t  was f o c u s s e d  on the f o l l o w i n g :
( i )  Is t h e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  a lean
j o i n t  ( g i g o t )  t h e  same as f o r  a l e s s  l ean j o i n t  
( l o i n ) ?
( i i )  Do LHS and RHS g i g o t s  and l o i n s  f rom t he  same
c a r c a s s  d i f f e r ?
( ¡ i i )  How c o n s i s t e n t  a r e  t a s t e r s  when d u p l i c a t e d  sampl es
ar e  p r e s e n t e d ?  (A v a r i a t i o n  of  p l u s  or  mi n us  one is
e x p e c t e d  when h e d o n i c  r a t i n g  s c a l e s  a r e  used)
( i v ) /
78.
79.
( i v )  Is t a s t e r s '  a c u i t y  g r e a t e r  when meat  sampl es
ar e  t a s t e d  h ot  r a t h e r  than c o l d ?
T a b l e  5 . 2  T h e  E x p e r i m e n t a l  D e s i g n  -  J a n u a r y  1978
F i l e  LA* S u b j e c t s  (N)  J o i  n t s  Cut  S i de T e m p e r a t u r e
27 A - D G R C
c 28 1 1 R C
E 11
1 1 "  L H
G* 11 1 1 "  L H
'
12 E - H "  L C
J 12 1 1 "  L C
F 12 1 1 R H
H 12 1 1 "  R H
A 29 A - D L Le C
D 28 11 R H
M 15 E - H "  R C
N 16 11 "  R C
K 16 11 11 Le H
L 16 11 "  Le H
wher e  G = g i g o t L -  l o i n C = c o l d H «  hot
Le = l e f t  R -  r i g h t  
B r a c k e t s  i n d i c a t e  d u p l i c a t e  sampl es  p r e s e n t e d  t o  t a s t e r s  
on t h e  same o c c a s i o n .
In a d d i t i o n  t o  m o n i t o r i n g  t a s t e r s '  p e r f o r m a n c e  i t  was hoped 
t o  d e t e r m i n e  i f  a c u i t y  v a r i e d  a c c o r d i n g  t o  w h e t h e r  sampl es wer e  t a s t e d  
hot  o r  c o l d .  T h u s  t he  f o l l o w i n g  c o m p a r i s o n s  wer e made u s i n g  c omp u t e r  
f i l e s  LA*.  ( T a b l e s  5 - 3  and 5. *0
T a b l e  5 - 3  T o  D e t e r m i n e  T a s t e r s '  C o n s i s t e n c y  i n D u p l i c a t e  T e s t s .
G i g o t s N Loi  ns N
CO < O 2 7 , 2 8 M v N 15, 16
E v G 1 1 , 1 1 K v L 1 6 , 1 6
1 v J 1 2 , 1 2
F v H 1 2 , 12
T a b l e  5 . V
T a b l e  5.  A T o  Compare T a s t e r s  C o n s i s t e n c y / A c u i t y  when Samples 
a r e  T a s t e d  C o l d  o r  Hot
G i g o t s _____________N Loi  ns_____________N
80 .
B V E 2 7 , 11 A V D 29, 28
B V G 27, 11 M V K 15, 16
C V E 2 8 , 11 M V L 15, 16
C V G 28, 11 N V K 16, 16
1 V F 12, 12 N V L 16, 16
J V F 12, 12
1 V H 12, 12
J V H 12, 12
In maki ng t h i s  second g r o u p  o f  c o m p a r i s o n s ,  B ( t h e  sampl e t a s t e d  c o l d )  
i s  compared w i t h  b ot h  E and G t h e  c o m p a r a b l e  sampl es t a s t e d  h o t .  A 
s i m i l a r  c o m p a r i s o n  i s made w i t h  t h e  d u p l i c a t e  o f  B,  C w h i c h  is a l s o  
compared w i t h  E and G. I t  w i l l  be n o t e d  t h a t  i n c o mp a r i n g  c o l d  and 
h o t  sampl es t h a t  t h e y  were f r o m l e f t  and r i g h t  s i d e s  o f  t he  same 
c a r c a s s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n .  I t  was t hus  assumed t h a t  
l e f t  and r i g h t  s i d e s  woul d  r e s pond  c o m p a r a b l y  t o  t h e  c o o k i n g  p r o c e s s .
S i n c e ,  d e s p i t e  d i f f e r e n c e s  in i n i t i a l  pH v a l u e s  of  l e f t  and r i g h t  
j o i n t s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n ,  t h e  change in pH i nd u c ed  d u r i n g  
t he c o o k i n g  p r o c e s s  shows no d i f f e r e n c e  of  s t a t i s t i c a l  s i g n i f i c a n c e ,  
t h i s  a s s u m p t i o n  was s u b s e q u e n t l y  shown t o  be j u s t i f i e d .  T h e  c r o s s o v e r  
between l e f t  and r i g h t  s i d e s  between c a r c a s s e s  A t o  D and E t o  H s h o u l d  
a l s o  be n o t e d .
An e xamp l e  of  a c o mp u t e r  p r i n t o u t  f o r  F r i e d m a n ' s  T wo Way A n a l y s i s  
of  V a r i a n c e  and o f  t he c o mp a r i s o n s  made i s  i n c l u d e d  in t h e  A p p e n d i x  (Table 5-^)  • 
S i g n  T e s t s  wer e n o t  -  as t h e y  a r e  a t  p r e s e n t  -  c a r r i e d  ou t  w i t h  c omp u t e r  
s u p p o r t .  T he  p r i n t o u t  a l s o  i n d i c a t e s  means and s t a n d a r d  d e v i a t i o n s .
At  t he  t i m e ,  t h e y  wer e i n c l u d e d  f o r  i n t e r e s t  o n l y  but  s u b s e q u e n t l y  t he  
me di ans  were c a l c u l a t e d  and used in t he  a n a l y s i s  o f  t h e  d a t a .  T h i s  
p r a c t  i ce/
p r a c t i c e  i s  o f  g r e a t e r  v a l i d i t y  (See d i s c u s s i o n  i n C h a p t e r s  3 and 1 2 ) .
R e s u l t s  o f  t he  T r i a l s
T h e s e  a r e  p r e s e n t e d  in T a b l e  5 . 5  and a r e  in t he  same sequence 
as in T a b l e  5 . 6  of  t h i s  c h a p t e r .  V a l u e s  o f  t h e  Medi an and t he  Rank 
Column T o t a l s ,  t o g e t h e r  w i t h  v a l u e s  of  Chi  R s q u a r e  a r e  r e c o r d e d .
R e s u l t s  a r e  c o n s i d e r e d  t o  be o f  s t a t i s t i c a l  s i g n i f i c a n c e  i f  p < 0 . 0 5  
but  f o r  i n t e r e s t  v a l u e s  o f  p <0 . 1 0  a r e  p r e s e n t e d  s i n c e  t he  p r a c t i c e  i s 
f o l l o w e d  by some r e s e a r c h  w o r k e r s .  A more r e c e n t  p r i n t o u t  is a l s o  
i n c l u d e d  ( A p p e n d i x  T a b l e  5 . 5 ) .
T h e  t a b l e  g i v e s  l i t t l e  i n d i c a t i o n  o f  o b v i o u s  p r e f e r e n c e  f o r  a 
p a r t i c u l a r  i n t e r n a l  t e m p e r a t u r e .  T h e r e  i s  o n l y  one s t a t i s t i c a l  
s i g n i f i c a n c e  p r e f e r e n c e  ( p < 0 . 0 5 )  f o r  a l o i n  r o a s t  cooked t o  an 
i n t e r n a l  t e m p e r a t u r e  of  75°C.  T he  l o we s t  r ank col umn t o t a l  i s 
u n d e r s c o r e d  f o r  each t r i a l .  T h e  most  f r e q u e n t l y  o c c u r r i n g  l owe s t  
v a l u e  i s t o  be f ound f o r  r o a s t s  cooked t o  an i n t e r n a l  t e m p e r a t u r e  of  
7 5 ° C .
T h e  S i g n  t e s t  was used t o  compare each p a i r  of  v a l u e s .  R e s u l t s  
ar e  t a b u l a t e d  in T a b l e  5 - 6 .  T h e  s i m i l a r i t y  o f  t he  p r e f e r e n c e s  f o r  
a l l  sampl es is a g a i n  e mp h a s i s e d .  S i n c e  t h e  d i r e c t i o n  of  d i f f e r e n c e  
was n ot  s p e c i f i e d  in a d v a n c e ,  the t e s t  i s  t w o - t a i l e d .  Hence p r o b a b i l i t y  
v a l u e s  in t h e  t a b l e  must  be d o u b l e d .  ( V a l u e s  wer e o b t a i n e d  f rom T a b l e  
M Haber  S Runyon 1 9 7 7 ) .  In t r i a l  B,  an i n t e r n a l  t e m p e r a t u r e  
o f  70°C was r a t e d  u n f a v o u r a b l y  i n c o mp a r i s o n  w i t h  75°C and 85°C,  w h i l s t  
i n t r i a l  C,  80°C was u n f a v o u r a b l y  r a t e d  as compared t o  85°C.  In t r i a l  
E ,  t h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  ( p < 0 . 0 A )  f o r  75°C 
o v e r  70°C.  T h e s e  were g i g o t  r o a s t s .  F o r  l o i n s ,  t h e r e  was a 
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  ( p < 0 . 0 l )  f o r  75°C o v e r  70 C.  On 
b a l a n c e ,  e x a m i n i n g  t he  Rank Col umn T o t a l s  and by the use of  t he  S i g n  
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T e s t  t h e r e  a r e  i n d i c a t i o n s  t h a t  an i n t e r n a l  t e m p e r a t u r e  o f  75 0 ' s 
p r e f e r r e d .  S i n c e  t h e  d e c i s i o n  was c r i t i c a l  f o r  f u t u r e  e x p e r i m e n t s ,  
t h e  medi an v a l u e s  and t h e  " l i k e "  r e s p o n s e s  wer e  s t u d i e d  i n more 
d e t a i  1 .
T h e  r e s p o n s e  p a t t e r n s  of  t he  t a s t e r s  f o r  g i g o t s  and l o i n s  i s  
i n d i c a t e d  i n T a b l e  5 . 5 .  T h e  b r a c k e t e d  t r i a l s  a r e  t he  d u p l i c a t e  
sampl es t a s t e d  on t h e  same d a y .  I t  can be seen t h a t  t h e  f r e q u e n c y  
d i s t r i b u t i o n  o f  r e s p o n s e s  i n d u p l i c a t e  t r i a l s  i s  n ot  i n  c l o s e  
a g r e e me n t .  T o  over come t h i s  d i f f i c u l t y ,  medi an v a l u e s  wer e  s t u d i e d  
as wer e  t o t i  
of  4.
T a b l e  5 - 7  










T  o t a  1
T h e  medi an v a l u e s  f o r  t h e  r o a s t s  a t  each i n t e r n a l  t e m p e r a t u r e  wer e 
t o t a l l e d  t o  g i v e  an i n d i c a t i o n  o f  p r e f e r e n c e .  T h e r e  i s l i t t l e  
d i f f e r e n c e  between sampl es w i t h  B b e i n g  most  and A l e a s t  p r e f e r r e d .  
I f  t h e  me di an s  f o r  t h e  4 j o i n t s  i n each t r i a l  a r e  r a n k e d ,  t he  r anked 
col umn t o t a l s  c o n f i r m  the o b s e r v a t i o n  t h a t  B i s  most  p r e f e r r e d  and A 
l e a s t .
T h e  r e l a t i v e  p o s i t i o n  i s  s l i g h t l y  a l t e r e d  i f  t o t a l  r e s p o n s e s  
exceed i ng/
11i k e 1 r e s p o n s e s i . e .  t h o s e r e s p o n s e s exceed i
Med i an V a l u e s  of G i g o t s
1 ° A ( 70°C) B ( 7 5 ° C ) C_(80°C) D ( 8 5 ° C )
C 3 3 3 3
1 1 3 2 2 3
H 5 3 4 4
1 1 5 2 4 3
H 4 3 3 . 5 3
1 1 3 . 5 3 4 . 5 3
C 4 4 . 5 4 4 . 5
1 1 3 4 3 . 5 4
3 0 . 5 2 4 . 5 2 8 . 5 2 7 . 5
Column
2 2 . 5 16 20 2 0 . 5
85.
e x c e e d i n g  A i . e .  t h e  " l i k e "  r e s p o n s e s  a r e  s t u d i e d  ( T a b l e  5 . 8 ) .  The  
o r d e r  o f  p r e f e r e n c e  B,  D,  A ,  C when bot h t o t a l  " l i k e "  r e s p o n s e s  and 
ra nk  col umn t o t a l s  a r e  s t u d i e d .  I t  w i l l  be n o t e d  t h a t  low v a l u e s  
of  t he medi an i n d i c a t e  a h i g h e r  p r e f e r e n c e  f o r  sampl es wher e a s  t he  
c o n v e r s e  a p p l i e s  t o  t h e  " l i k e "  r e s p o n s e s .
T a b l e  5 . 8 G i g o t s -  Numbers of  " L i k e " Responses i . e .  Sc or e s
Exceed ing Four
Fi  le 1 ° _N A B Ĉ D
B) C 28 16 18 15 18
CJ 1 1 1 1 21 21 21 18
E) H 11 3 8 5 3
G) 1 1 1 1 A 6 5 6
F 1
H 12 5 7 6 7
h S 1 1 1 1 6 8 A 9
1) C 12 6 5 5 5
J ) 1 1 1 1 8 5 6 5
Sum 69 78 67 71
Ranked 
( Or de r
Column T o t a l s  
of  P r e f e r e n c e )
2 1 . 5 15- 5 23 19. 5
I t  i s  however c l e a r t h a t  t h e r e  i s v e r y  1 i t t l e  d i f f e r e n c e  in r e s p o n s e
t o  sampl es  - p o s s i b l y  because as one t a s t e r  remarked " t h e  t e s t  i s  v e r y
d i f f i c u l t  because t h e y  a l l t a s t e  so good In a l l t e s t s  B i s  t he
p r e f e r r e d  sampl e.
L o i n s  wer e s t u d i e d  in t he same way. Resu 1ts a r e  p r e s e n t e d  in
T a b l e  5 . 9  and 5.  10. T h e y d i f f e r  c o n s i d e r a b l y  f rom t h o s e  f o r  g i g o t s
T a b l e  5 . 9 Med i an V a 1ues of  L o i n s
F i l e 1 ° A ( 7 0 ° C )  _B(75 °C ) C j 8 0 ° C ) D( 8 5 ° C )
A C A 3 3 A
D C A 3 3 3
K) H 3 3 A 3 . 5
L) H 2 2 3 2 . 5
M) C A A A 3
N) C 3 . 5 3 . 5 A A
Sum 2 0 . 5 18. 5 21 20
Ranked Column 
T o t a l
(5 11 18 16
T a b l e  5 . 1 0  L o i n s  -  Numbers of  L i k e  Responses  i . e .  Sc or e s
86.
E x c e e d i n g  Four
Fi  le I N A £ £ £
A C 29 8 17 15 14
D C 27 10 18 17 18
Ki
H 16 12 9 7 8
l S H 1 1 12 13 10 10
M) C 15 7 6 7 8
N) c 16 9 8 6 7
Sum 58 71 62 65
Ranked Column T  o t a 1s 1*4.5 10 2 0 . 5 15
( O r d e r  of  P r e f e r e n c e )
T h e  o r d e r  o f  p r e f e r e n c e  f o r  l o i n s  as j u d g e d  by medi an v a l u e s  a r e  B,
D,  A ,  C when t o t a l l e d  and B,  A ,  D,  C when r anked col umn t o t a l s  a r e  
s t u d i e d .  When s c o r e s  f o r  v a l u e s  e x c e e d i n g  4 a r e  t o t a l l e d ,  t he  o r d e r  
of  p r e f e r e n c e s  is B,  D,  C,  A.  C o r r e s p o n d i n g  p r e f e r e n c e s  f rom t h e  
r ank ed col umn t o t a l s  a r e  B,  A ,  D,  C.  T h u s  f o r  l o i n s ,  B is t he  
p r e f e r r e d  sampl e .  I t  w i l l  be not e d  t h a t  r e s u l t s  f o r  t h e  medi an 
t e s t s  a r e  v e r y  c l o s e  f o r  a l l  sampl es  but  t h a t  t h e r e  a r e  r a t h e r  l a r g e r  
d i f f e r e n c e s  between t o t a l  " l i k e "  s c o r e s .
T h e  medi an s c o r e s  f o r  hot  and c o l d  g i g o t s  and l o i n s  were 
c o n s i d e r e d  s e p a r a t e l y .  T h e y  wer e c l a s s e d  in o r d e r  o f  p r e f e r e n c e .
T a b l e  5 . 1 1  summar i ses t h e s e  r e s u l t s .
T a b l e  5 . 1 1  P r e f e r e n c e s  f o r  Samples A ,  B,  C and D Based on Ranked Medi an
V a l u e s  and L i k e  Sc o r e s
Cut i ° A B £ D
G c 2 3 1 4
1 1 H 4 1 3 2 Med i ans
L C 1.5 1.5 3 . 5 3 . 5
1 1 H 2 . 5 1 4 2 . 5
G C 1 2 3 4
1 1 H 1.5 4 3 1. 5 " L i k e "
L C 4 1 3 2 Responses
11 H 3 . 5 1 3 . 5 2
F o r  l o i n  s a m p l e s ,  B i s  p r e f e r r e d  bot h  c o l d  and h o t .  R e s u l t s  a r e  
more u n i f o r m .  T h i s  i s  p e r h a p s  t o  be e x p e c t e d  s i n c e  l o i n  r o a s t s  have 
been shown t o  be more homogeneous than g i g o t s  e l s e w h e r e  i s  t h i s  s t u d y .
Fo r  c o l d  g i g o t s  A i s  t h e  p r e f e r r e d  sampl e w i t h  B,  C and D r e s e m b l i n g  
e ach o t h e r  b u t  B i s  p r e f e r r e d  when g i g o t s  a r e  t a s t e d  h o t .  When t h e  
me di ans  and " l i k e "  v a l u e s  a r e  compared t h e r e  i s  no v e r y  g r e a t  d i f f e r e n c e  
between them b u t ,  a g a i n ,  on b a l a n c e  75°C ( B)  seems t o  be more g e n e r a l l y  
p r e f e r  r e d .
F o r  i n t e r e s t  a summary of  t he  r e s p o n s e  p a t t e r n s  i s  shown i n 
T a b l e  5 . 1 2 .  More d e t a i l e d  i n f o r m a t i o n  i s  p r o v i d e d  i n t h e  A p p e n d i x  
( T a b l e  5 . 1 ) .
R e f e r r i n g  a g a i n  t o  r e s u l t s  r e l a t i n g  t o  t he  v a l u e s  o f  Chi  R s q u a r e ,  
t h e  r ank col umn t o t a l s  f o r  each of  t he  i n t e r n a l  t e m p e r a t u r e s  ( 7 0 ° C ,
7 5 ° C , 80°C and 85°C)  wer e  t h e m s e l v e s  r a n k e d .  T i e s  a r e  i n d i c a t e d .
T h e s e  rank o r d e r s  a r e  i n d i c a t e d  i n T a b l e  5 . 1 3 .  When t h e y  a r e  s t u d i e d ,  
i t  s u g g e s t s  t h a t  t h e  mos t  p r e f e r r e d  i n t e r n a l  t e m p e r a t u r e  f o r  bot h  g i g o t s  
and l o i n s  i s  7 5 ° C .
T a b l e  5 . 1 2  A Summary o f  t h e  Response P a t t e r n s
87.
‘ — --- ------ — --------------  -----  “ — " —
Medi an V a l u e s
F i l e Cut T ° N A ( 7 0 ° C )  B ( 75°C)  C ( 80°C)  D ( 8 5 ° C )
C 2.8 3 3 3 3
C 1 1 3 2 2 3
H 11 5 3 A A
H 1 1 5 2 A 3
H 12 A 3 3.5 3
H 1 1 3.5 3 A . 5 3
C 12 A A . 5 A A . 5
C 1 1 3 A 3.5 A
C 29 A 3 3 A
C 27 A 3 3 3
H 16 3 3 A 3.5
H 1 1 2 2 3 2.5
C 15 A A A 3
c 16 3.5 3.5 A A
88.
T a b l e  5 .13 Most  F r e q u e n t l y  O c c u r r i n g  P r e f e r e n c e s  as J u d g e d  by 
Rank Column T o t a l s





















































































A l t h o u g h  p r e f e r e n c e  f o r  75 C i s  e v i d e n t  g i g o t s  and l o i n s  cooked 
t o  85°C wer e  a l s o  w e l l  l i k e d .  However ,  as i n t e r n a l  t e m p e r a t u r e  r i s e s ,  
w e i g h t  l o s s e s  i n c r e a s e  and j u i c i n e s s  d e c r e a s e s .  A l t h o u g h  i n C h a p t e r  
10 i t  i s  d e m o n s t r a t e d  t h a t  w e i g h t  l o s s e s  a r e  v a r i a b l e ,  i n t h i s  s e r i e s  
o f  t r i a l s  t h e y  f o l l o w e d  t he  t h e o r e t i c a l  p a t t e r n  as T a b l e  5 . 1 4  i n d i c a t e s .  
T a b l e  5 . 1 4  T o t a l  We i g h t  L osses w i t h  I n c r e a s i n g  I n t e r n a l  T e m p e r a t u r e
% Losses Rank L osses
J o i  n t s Cut S i de 70°C 75°C 80°C 85°C 70°C 75°C 80°C 85°C
A - D G Le 2 5 . 8 2 8 . 6 2 8 . 9 4 2 . 3 1 2 3 4
1 1 R 2 4 . 8 3 2 . 6
-3*oorr\ 4 1 . 2 1 2 3 4
E- H Le 2 0 . 6 3 1 . 4 3 4 . 5 4 2 . 5 1 2 3 4
R 19. 8 2 1 . 2 3 3 . 7 3 6 . 0 1 2 3 4
A- D L Le 12. 3 18. 5 8 . 2 14. 3 1 4 2 3
1 1 R 19. 5 16. 8 2 1 . 8 16. 7 3 2 4 1
E- H 1 1 Le 17. 0 2 4 . 5 3 0 . 5 2 9 . 9 1 2 4 3
T h u s /
T h u s ,  p r e f e r e n c e  a p a r t ,  t h e r e  wou l d  be more meat  a v a i l a b l e  f o r  t a s t i n g  
p u r p o s e s  i f  t he i n t e r n a l  t e m p e r a t u r e  of  75°C wer e t o  be s e l e c t e d .
Spearman Rho V a l u e s ,  t h a t  i s  r ank o r d e r  c o r r e l a t i o n  c o e f f i c i e n t s  
wer e c a l c u l a t e d  f o r  each p a r t i c i p a n t ' s  r e s p o n s e s  t o  t h e  f o u r  sampl es 
b o t h  f o r  d u p l i c a t e d  t r i a l s  and f o r  t r i a l s  i n t e n d e d  t o  compare a c u i t y  
when sampl es wer e  t a s t e d  e i t h e r  h o t  or  c o l d .  T a b l e s  a r e  a v a i l a b l e  
w h i c h  e n a b l e  t h e  t e s t i n g  o f  t h e  n u l l  h y p o t h e s i s  t h a t  t h e  r a n k s  a r e  
i n d e p e n d e n t  f o r  r e l a t i v e l y  sma l l  v a l u e s  o f  N. Because t h e r e  a r e  
o n l y  f o u r  r a nk s  i n each t e s t  i n t h e s e  e x p e r i m e n t s ,  t h e  c a l c u l a t e d  
v a l u e  o f  r must  be 1 . 000 t o  r e a c h  a l e v e l  o f  s i g n i f i c a n c e  o f  p < 0 . 0 0 A .
By t h e  n a t u r e  o f  t h e  H e d o n i c  R a t i n g  S c a l e ,  s u b j e c t s ,  as i n d i c a t e d ,  
may s c o r e  a p a r t i c u l a r  sampl e p l u s  or  mi n us  one o f  t h e  a l l o c a t e d  
s c o r e .  A l t h o u g h  t h i s  a p p e a r s  t o  be i m p r e c i s e ,  as i n d i c a t e d  by 
p r e v i o u s  d i s c u s s i o n s  in t h i s  c h a p t e r ,  m e a n i n g f u l  t e n d e n c i e s  become 
e v i d e n t  p r o v i d e d  t h e r e  a r e  s u f f i c i e n t  p a r t i c i p a n t s  i n a g i v e n  t r i a l .  
However  when e x a m i n i n g  t he  Spearman Rho v a l u e s ,  a v e r y  wi d e  s c a t t e r  
between v a l u e s  1 . 0 0 0  and - 1 . 0 0 0  i s a p p a r e n t .
C o n s i d e r a b l e  s t u d y  has been made o f  t h i s  d a t a .  Some exampl es  
of  t h e  p r o b l e m s  e n c o u n t e r e d  a r e  p r o v i d e d .  I f  v a l u e s  a r e  d i c h o t o m i s e d  
so t h a t  v a l u e s  o f  Spearman Rho f rom 1 . 000 t o  z e r o  a r e  g r o u p e d  and 
compar ed w i t h  mi nus v a l u e s ,  t h e  f o l l o w i n g  r e s u l t s  a r e  a c h i e v e d .  T h e  
r e a d e r  is r e f e r r e d  a g a i n  t o  T a b l e  5 . 3 .




F i l e s  LA* 1 . 0 0 0 - 0 M i nus 
Va 1ues
N
L C M v N 13 2 15
1 1 H K v L 8 8 16
G C B v C 1 10 27
1 1 1 1 1 v J 6 6 12
1 1 H E v G 10 1 11
1 1 1 1 F v H 8 k 12
90.
F o r  t h e  l o i n  sampl es  t h e  c a l c u l a t e d  v a l u e  o f  x  i s  5 . 3 2  and f o r  t h e
g i g o t s ,  c o l d  and h o t  0 . 5 0  and 1. 06 r e s p e c t i v e l y .  T h u s  f o r  l o i n s  p
i s  < 0 . 0 5 .  T h e r e  woul d  be l i m i t e d  v a l u e  in p o o l i n g  r e s u l t s  f o r  g i g o t s ,
2
but  t h e  c a l c u l a t e d  v a l u e  o f  x  i s  3 . ^ 8  c o r r e s p o n d i n g  t o  p <0.  10 - >0. 05.
Co mp a r i s o n s  a r e  made more d i f f i c u l t  i n  t h a t  s u b j e c t s  d i d  n ot  
a t t e n d  s u f f i c i e n t  of  t h e  s e s s i o n s  t o  a l l o w  m e a n i n g f u l  c o m p a r i s o n s  t o  
be made.  T h i s  p r o b l e m is h i g h l i g h t e d  i n T a b l e  5 . 1 6  wher e o r t h o g o n a l  
sampl es a r e  f ew.
T a b l e  5 . 1 6  D u p l i c a t e d  Sampl es -  Spearman Rho V a l u e s
C o l d  (MN)
2


























C o l d  ( BC)  Hot  (GH)
0 . 6  
0 . 2  
0 . 9  
0 . 8  








T h e  same p r o b l e ms  of  few c o m p a r i s o n s  and g r e a t  v a r i a b i l i t y  i n rank 
c o r r e l a t i o n  c o e f f i c i e n t s w h e n  a s s e s s me n t s  of  j o i n t s  c o l d  and hot  ar e  
c ompar ed.  T a b l e s  5 . 2  and 5 . 3  o f  t he  A p p e n d i x  i n d i c a t e  why i t  was 
n e c e s s a r y  t o  r each d e c i s i o n s  r e g a r d i n g  t e s t i n g  p r o c e d u r e s  i n t h e  
a bsence o f  c o r r e l a t i o n  c o e f f i c i e n t s .  T h e  d i s t r i b u t i o n  of  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  i s  i n d i c a t e d  i n t he  A p p e n d i x  ( T a b l e  5 . 8 ) .
T h e  d i f f i c u l t y  i n t he  use o f  d e s c r i p t i v e  s c o r i n g  t e c h n i q u e s  -  i n 
t h i s  case a more s t r u c t u r e d  h e d o n i c  r a t i n g  s c a l e  -  i s  f u r t h e r  c o n f i r m e d  
when r e s u l t s o f  t a s t i n g  s e s s i o n s  c a r r i e d  o u t  by ESCA BSc students of A g r i c u l t u r e  
s t u d  i e d . /
are
s t u d i e d .  Lamb j o i n t s  wer e  cooked t o  i n t e r n a l  t e m p e r a t u r e s  of  70°C/
75°C ( L  s a mp l e s )  and 80°C (H s a m p l e s ) .  T e n d e r n e s s , j u i c i n e s s  and
f l a v o u r  wer e a l l o c a t e d  s c o r e s  o f  1,  3 ,  5 ,  7 and 9 a c c o r d i n g  t o
d e s c r i p t i o n s  o f  t h e s e  c h a r a c t e r i s t i c s  w h i c h  wer e  c o n s i d e r e d  most
a p p r o p r i a t e .  A l t h o u g h  on t h i s  n i n e  p o i n t  s c a l e  i n t e r m e d i a t e  v a l u e s
c o u l d  have been u s e d ,  t h e y  sel dom w e r e .  T h u s ,  f o r  t h e  m a j o r i t y  of
t a s t e r s ,  t h e  s c a l e  was e f f e c t i v e l y  a f i v e - p o i n t  s c a l e .  T h e  i n s t r u c t i o n s
f o r  t h e  t e s t  a r e  s e t  o u t  i n T a b l e  5 - 7  o f  t h e  A p p e n d i x .
T h e  r e s u l t s  of  t h e  t e s t s  a r e  p r e s e n t e d  i n T a b l e  5 . 1 7 .  R e s u l t s  f o r
1977 and 1979 a r e  c o n s i d e r e d  s e p a r a t e l y  f r om t he  o t h e r s .  F o r  t h e s e  two
y e a r s ,  r e s u l t s  were n o t  p r e s e n t e d  as a r i t h m e t i c  means,  s t a n d a r d  d e v -
2
l a t i o n s  w i t h  q u o t e d  v a l u e s  o f  x  • I n s t e a d ,  s c o r e s  wer e r a n k e d ,  r ank
col umn t o t a l s  and t h e  Chi  R s q u a r e  s t a t i s t i c  c a l c u l a t e d .  A t  t h i s
s t a g e ,  i t  i s  n ot  p o s s i b l e  t o  r e c a l c u l a t e  t he  e x p e r i m e n t a l  f i g u r e s .
R e c o r d i n g  f or ms were r e t u r n e d  t o  the s t u d e n t s  f o l l o w i n g  t h e  t e s t i n g
p r o c e d u r e s  and t h e  c o l l a t i n g  f or ms  a r e  no l o n g e r  h e l d  i n  t h e  Dat a
P r o c e s s i n g  C e n t r e  f i l e s .
I t  w i l l  be n o t e d  f r om T a b l e  5 - 7  of  t he A p p e n d i x  t h a t  T e n d e r n e s s ,
J u i c i n e s s  and F l a v o u r  wer e  a s s e s s ed  f o r  each o f  t h e  L and H s a mp l e s .
A l t h o u g h  t he  p r e s e n t  s t u d y  i s c o n c e n t r a t e d  on lamb f l a v o u r ,  t e n d e r n e s s
and j u i c i n e s s  may e x e r t  i n f l u e n c e  on f l a v o u r  p e r c e p t i o n .
From T a b l e  5 . 1 7 ,  i t  w i l l  be n o t e d  t h a t ,  d e s p i t e  d i f f e r e n c e s  i n
i n t e r n a l  t e m p e r a t u r e  o f  5°C o r  10°C,  t h e r e  was l i t t l e  d i f f e r e n c e  i n t h e
a r i t h m e t i c  means o r  r ank col umn t o t a l s  i n r e l a t i o n  bot h  t o  t e n d e r n e s s
and f l a v o u r .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  as i n d i c a t e d  by 
2
X and Chi  R s q u a r e  v a l u e s  was t h u s  e s t a b l i s h e d  between L and H s a mp l e s .  
When j u i c i n e s s  i s  c o n s i d e r e d ,  i n 1977 and 1979,  s t a t i s t i c a l l y  s i g n i f i c a n t  
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as e x p e c t e d  -  j u d g e d  t he  more j u i c y .  In 1976 and 1980 t h e  a r i t h m e t i c  
means i n d i c a t e d  a s i m i l a r  t e n d e n c y .  T h e  f i n d i n g s  in 1981 and 1983
a r e  u n e x p e c t e d  i n t h a t  t he  H sampl es  wer e c o n s i d e r e d  t o  be j u i c i e r .
V a l u e s  of  t h e  s t a n d a r d  d e v i a t i o n  wer e however  h i g h .  I t  s h o u l d  a l s o  be 
remembered t h a t  t h i s  t e s t  f or med p a r t  o f  an e d u c a t i o n a l  e x e r c i s e  i n each 
o f  t h e  y e a r s .  I t  was used t o  d e m o n s t r a t e  t h a t  h e d o n i c  r a t i n g  s c a l e s  
a r e  o f  d i f f e r e n t  f o r m a t .  Had t h i s  t e s t  been c o n s i d e r e d  t h e  most  
s u i t a b l e ,  i t  wou l d  have been used by t he  e x p e r i m e n t e r  in t he  t r i a l s  
d e s c r i b e d  e a r l i e r  in t h i s  c h a p t e r .
S i n c e  good p e r f o r m a n c e  by t h e s e  s t u d e n t s  has so o f t e n  been 
d e m o n s t r a t e d  in s e n s o r y  a p p r a i s a l  t e s t s  d u r i n g  t h e  seven y e a r s  of  
e x p e r i m e n t a l  programmes,  i t  can r e a s o n a b l y  be c o n c l u d e d  t h a t  d i f f e r e n c e s  
i n i n t e r n a l  t e m p e r a t u r e  of  t h i s  o r d e r  do n o t  p r o d u c e  f l a v o u r  d i f f e r e n c e s  
s u f f i c i e n t  t o  i n f l u e n c e  p r e f e r e n c e .  In most  e x p e r i m e n t s ,  v a r i a t i o n  in
i n t e r n a l  t e m p e r a t u r e  o f  p l u s  o r  mi nus  10°C a r e  n ot  r e a d i l y  d e t e c t e d
e x c e p t  f o r  a l t e r a t i o n  i n j u i c i n e s s .
3• D i s c u s s i o n  and C o n c l u s i o n s
A l t h o u g h  t he  use of  h e d o n i c  r a t i n g  s c a l e s  t o  a s s e s s  p r e f e r e n c e  
seemed i n i t i a l l y  t o  be more a t t r a c t i v e  than an e x t e n s i v e  s e r i e s  of  
p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s ,  i t  i s  e v i d e n t  t h a t ,  b ecause of  
p a r t i c i p a n t s  l i k e d  most  o f  t h e  s a m p l e s ,  no c l e a r  c u t  p r e f e r e n c e s  emerged 
f rom t he t r i a l s .  S t u d y  o f  t he  d a t a ,  p a r t i c u l a r l y  i n  v i e w  o f  t a s t e r s '  
i n c o n s i s t e n c y ,  i n d i c a t e s  t he f o l l o w i n g :
1. T h e r e  i s no e v i d e n c e  t o  s u g g e s t  d i f f e r e n t  o p t i m a l  i n t e r n a l  
t e m p e r a t u r e s  f o r  g i g o t s  and l o i n s .  T h e  opt imum f o r  bot h 
a p p e a r s  t o  be 75°C.
2.  T h e r e  i s  no e v i d e n c e  t h a t  r i g h t  and l e f t  j o i n t s  f r om t he  




3.  T h e r e  i s  no e v i d e n c e  t h a t  a c u i t y  i s  g r e a t e r  when meat s 
a r e  t a s t e d  h ot  r a t h e r  t han c o l d .
I t  was t h u s  d e c i d e d  t h a t  a l l  g i g o t  and l o i n  r o a s t s  s h o u l d  r each 
an i n t e r n a l  c o o k i n g  t e m p e r a t u r e  o f  75°C.  T o  e n s u r e  u n i f o r m i t y  of  
p r e s e n t a t i o n  t h r o u g h o u t  t a s t i n g  s e s s i o n s  and f o r  p r a c t i c a l  r e a s o n s ,  
meat  sampl es s h o u l d  be p r e s e n t e d  c o l d .  A l t h o u g h  i t  c o u l d  be ar gu e d  
t h a t  r o a s t e d  meat s a r e  more u s u a l l y  e a t e n  hot  and t h us  m o t i v a t i o n  o f  
t a s t e r s  woul d  be i n c r e a s e d ,  t h e r e  a r e  l o g i s t i c a l  p r o bl e ms  o f  m a i n t a i n i n g  
them a t  the r e q u i r e d  t e m p e r a t u r e s  t h r o u g h o u t  t he  t a s t i n g  s e s s i o n .
A l t h o u g h  h i g h l y  d e s i r a b l e ,  a s i n g l e  p r e s e n t a t i o n  t o  assembl ed t a s t e r s  
i s  n o t  f e a s i b l e  in t h e  C o l l e g e  s i t u a t i o n .  T h e s e  c o n s t r a i n t s  e mp ha s i s e  
the p r a c t i c a l i t y  of  c o l d  t a s t i n g .  T h i s  was a gr e e d  by J . M . H a r r i e s  
( p e r s o n a l  c o m m u n i c a t i o n )  and i n t h e  p ap e r  by H a r r i e s  et  a l  ( 1 9 5 6 ) .
In c o n c l u s i o n ,  s i n c e  f u t u r e  s t u d i e s  wer e  i n t e n d e d  t o  d e m o n s t r a t e  
d i f f e r e n c e s  between t e s t  and c o n t r o l  s a m p l e s ,  t h e  use of  h e d o n i c  
r a t i n g  s e a l e s  was | n a p p r o p r i a t e . D i f f e r e n t  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  
and e x p e r i m e n t a l  d e s i g n v ^ r e  r e q u i r e d .
95.
Summary -  Gr a s s  v e r s u s  Rape:  F i r s t  S e r i e s  o f  T r i a l s
T h e  r a t i o n a l e  o f  t h e  e x p e r i m e n t a l  d e s i g n  i s e x p l a i n e d .  T r i a n g l e
t e s t s  wer e  used t o  d e t e c t  p o s s i b l e  d i f f e r e n c e s  i n t h e  f l a v o u r  and 
aroma o f  r o a s t e d  g i g o t s  and l o i n s  f r om g r a s s  and r ape f ed lambs.
P a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  we r e  a l s o  u sed.  A n a l y s i s  of  
t h e  d a t a  by s t a t i s t i c a l  p r o c e d u r e s  d e s c r i b e d  i n C h a p t e r  3 i n d i c a t e d
t h a t  t h e r e  was no f l a v o u r  d i f f e r e n c e  between sampl es i n t h i s  s e r i e s
o f  t r i a l s .  I t  was t h u s  d e c i d e d  b ot h  t o  r e p e a t  t h e  t r i a l s  and t o  
use f l a v o u r  p r o f i l e  a n a l y s i s  t o  c o n f i r m  t he  p r e s e n t  r e s u l t s .
T a s t e r s '  a c u i t y  woul d  be a s s e s s e d  by p r o c e d u r e s  d e s c r i b e d  in C h a p t e r
7.
1 . Gr a s s  v e r s u s  Rape.  F i r s t  S e r i e s  of  T r i a l s
From C h a p t e r s  3 and A i t  i s  e v i d e n t  t h a t  t h e r e  i s  wi d e  v a r i a t i o n  in
c o o k i n g  p r o c e d u r e s  and s e n s o r y  e v a l u a t i o n  t e c h n i q u e s  between 
l a b o r a t o r i e s .  Hence c o mp a r i s o n  of  f i n d i n g s  o f  one l a b o r a t o r y  w i t h  
a n o t h e r  i s d i f f i c u l t .  A f u r t h e r  c o m p l i c a t i o n  a r i s e s  i n t h a t  
s t a t i s t i c a l  p r o c e d u r e s  a r e  n o t  s t a n d a r d i s e d .
Much o f  t h e  p r e v i o u s  wor k r e p o r t e d  r e l i e s  h e a v i l y  on t h e  use of  
h e d o n i c  r a t i n g  s c a l e s  such as t h o s e  d e s c r i b e d  by For d  and Par k  ( 1 9 8 0 ) .  
Mean panel  s c o r e s  -  s c o r e s  b e i ng  d e r i v e d  f r om a nomi n a l  s c a l e  used by 
t r a i n e d  p a n e l s  -  a r e  used t o  i n d i c a t e  d i r e c t i o n a l  d i f f e r e n c e s  between 
s a mp l e s .  T h e s e  s c o r e s  a r e  s u b s e q u e n t l y  used t o  d e t e r m i n e  i f  
d i f f e r e n c e s  between sampl es a r e  o f  s t a t i s t i c a l  s i g n i f i c a n c e .
In t h e  p r e s e n t  s t u d y ,  C h a p t e r  5 i n d i c a t e s  t h a t  the p e r f o r m a n c e  of  
u n t r a i n e d  t a s t e r s  -  i r r e s p e c t i v e  of  e x p e r i e n c e  -  u s i n g  h e d o n i c  r a t i n g  
s c a l e s  i s  e r r a t i c  r a t h e r  than c o n s i s t e n t .  F i n d i n g s  o b t a i n e d  f rom 
u n t r a i  ned/
CHAPTER 6
u n t r a i n e d  t a s t e r s  u s i n g  h e d o n i c  r a t i n g  s c a l e s  s h o u l d  per h ap s  
t h e r e f o r e  be v i e we d  w i t h  g r e a t e r  c a u t i o n  t han has somet i mes been 
the c a s e .
I t  s h o u l d  be n o t e d  t h a t  t h e  p r i m a r y  p u r p o s e  of  a h e d o n i c  r a t i n g  
s c a l e  i s t o  i n d i c a t e  t h e  a t t  i t u d e  of  t a s t e r s  t o  a p a r t i c u l a r  sampl e.
In t he  u n t r a i n e d  t a s t e r  t h i s  a t t i t u d e  can be h i g h l y  s u b j e c t i v e  as i s  
i n d i c a t e d  by s u b j e c t s '  b i modal  r e s p o n s e  t o  the aroma of  compounds such 
as p h e n y l a c e t i c  a c i d  ( Land and P i g g o t t  1 9 8 1 ) .  In t h e  a n a l y s i s  of  
d a t a ,  n o mi n a l  s c a l e s  a r e  s u b s e q u e n t l y  c o n v e r t e d  t o  s c o r e s .  At  b e s t ,  
such s c o r e s  a r e  o r d i n a l  r a t h e r  than i n t e r v a l  i n n a t u r e  ( A me r i n e  e t  a l  
1 9 6 5 ) .  A l t h o u g h  t h e  p r i m a r y  p u r p o s e  of  h e d o n i c  r a t i n g  s c a l e s  i s  t o  
a sse ss  a t t i t u d e  t o  s a m p l e s ,  i f  t h e r e  a r e  l a r g e  and o b v i o u s  d i f f e r e n c e s  
between t hem,  i t  becomes c l e a r  t h a t  p a r t i c u l a r  sampl es a r e  more or  
l e s s  a c c e p t a b l e  t o  t a s t e r s  and t h a t  d i f f e r e n c e s  t h u s  e x i s t  between 
t hem.  T h i s  p r a c t i c e  has f r e q u e n t l y  been f o l l o w e d  i n p r e v i o u s  s t u d i e s  
d e s i g n e d  t o  d e m o n s t r a t e  i f  d i f f e r e n c e s  e x i s t  between s a mp l e s .  In 
a d d i t i o n ,  i t  seems t o  be assumed t h a t  e i t h e r  t h e  m i d p o i n t  o f  t h e  s c a l e  
or  one of  i t s  e x t r e me s  c o n s t i t u t e s  t h e  d e s i r a b l e  a t t r i b u t e  -  t he  f o r me r  
p e r h a p s  i n r e l a t i o n  t o  t h e  aroma and f l a v o u r  and t he l a t t e r  i n  r e l a t i o n  
t o  t h e  t e n d e r n e s s  of  me at s .
Because of  t he  p r e v i o u s l y  r e p o r t e d  e r r a t i c  p e r f o r m a n c e  o f  s u b j e c t s  
i n t a s t i n g  t e s t s  ( C h a p t e r  5 ) ,  i t  woul d r e q u i r e  v e r y  l a r g e  d i f f e r e n c e s  
t o  e x i s t  between c o n t r o l  and t e s t  sampl es f o r  them t o  be h i g h l i g h t e d  
by t h e  use o f  t h i s  t e c h n i q u e .  I t  was t h u s  d e c i d e d  t o  use s p e c i f i e d  
d i f f e r e n c e  t e s t s  t o  d e t e r m i n e  i f  d i f f e r e n c e s  d i d  o r  d i d  n o t  e x i s t  
between c o n t r o l  and t e s t  s a mp l e s .  F u r t h e r  t e s t s  wou l d  s u b s e q u e n t l y  
be r e q u i r e d  t o  d e t e r m i n e  t h e i r  n a t u r e  and m a g n i t u d e .  P r e f e r e n c e  t e s t s  
were a l s o  u sed.  The  ARC S t a t i s t i c i a n ,  Mr M M F r a n k l i n ,  c o n f i r m e d  t h a t  
t h e/
96.
t he  d e s i g n  of  t h e  p r o p o s e d  e x p e r i m e n t s  was s a t i s f a c t o r y .  T h i s  
d e s i g n  i s i n d i c a t e d  in T a b l e  6 . 2  and a speci men r e c o r d i n g  f or m 
i s  i n c l u d e d  as T a b l e  6 . 3  of  t h e  A p p e n d i x .
Because o f  t he  r e l a t i v e l y  s ma l l  number  o f  t a s t e r s  a t  QMC, i t  
was a g r e e d  t h a t  v o l u n t e e r s  f r om ESCA s h o u l d  be r e c r u i t e d .  T o  
s e c u r e  i n t e r e s t  and m o t i v a t i o n ,  j o i n t s  f r o m sampl es l i k e l y  t o  d i f f e r  
i n  f l a v o u r  woul d  be c ompar ed.  T h u s  t h e  j o i n t s  f r om t he  g r a s s  and 
rape f ed a n i m a l s  wer e  s e l e c t e d .  T h e  b a s i s  f o r  s e l e c t i n g  t h o s e  
f e e d i n g  r e g i me s  f o r  c o m p a r i s o n  was,  as i n d i c a t e d ,  a s e r i e s  of  
e x p e r i m e n t s  r e c o r d e d  by P a r k  e t  a l  ( 1 9 7 2 ) .  T a s t i n g  was d i v i d e d  
between QMC and ESCA g r o u p s .
T h e  a n i m a l s  used i n t he  t r i a l s  wer e  S c o t t i s h  B l a c k f a c e  w e t h e r s
bor n  A p r i l / M a y  1977.  T h e y  r emai ned w i t h  t h e i r  mo t h e r s  on t he  h i l l
u n t i l  A u g u s t .  A f t e r  w e a n i n g ,  t h e y  wer e  g r a z e d  on g r a s s  f i e l d s  at
l ower  a l t i t u d e s  u n t i l  t h e  s t a r t  of  t he  f o r a g e  c r o p s  t r i a l  a t  t he
b e g i n n i n g  of  O c t o b e r  when t h e y  wer e d i v i d e d  i n t o  t h r e e  t r e a t m e n t
g r o u p s  r e c e i v i n g  g r a s s  (A s a m p l e s ) ,  rape (B sa mp l e s )  and s t u b b l e
t u r n i p s  ( used f o r  e x p e r i m e n t s  d e s c r i b e d  i n C h a p t e r  9 ) .  A ' s m a l l
s u p p l e me n t  o f  whol e  b a r l e y  ( a p p r o x .  135g)  was i n t r o d u c e d  on 2 A . 11. 77
u n t i l  s l a u g h t e r  on 6 . 1 2 . 7 7 .  C a r c a s s  w e i g h t s  o f  each g r o u p  a r e  i n d i c a t e d  
be 1 ow.
G r a s s  (A s a m p l e s ) Rape (B s a m p l e s )
An i ma l  N o . C a r c a s s  ( kg )  Ani ma l  N o . C a r c a s s  ( k g )
388 18. 5  902 16. 5
1240 17. 5 1124 18. 5
893 16. 5  1464 15. 5
914 16. 0  194 18. 5
T a s t e r s  a l wa y s  r e c e i v e d  a p e r s o n a l  i n v i t a t i o n  t o  each s e s s i o n  in
a d d i t i o n  t o  l a r g e  n o t i c e s  r e m i n d i n g  them p o s t e d  p r o m i n e n t l y .  As
f a r  as was c o n s i s t e n t  w i t h  a v o i d i n g  i n f l u e n c i n g  j u d g e m e n t s ,  t h e y  wer e
k e p t  i n f o r me d  a bout  t h e  p r o g r e s s  and r e s u l t s  o f  t e s t s  as t h e y  p r o c e e d e d  




In t he  i n v e s t i g a t i o n s  d e s c r i b e d  i n t h i s  and s u b s e q u e n t  c h a p t e r s ,  
t he aim was t o  d e t e r m i n e  i f  d i f f e r e n c e s  i n f l a v o u r  d i d  o r  d i d  n ot  
e x i s t  i n  r o a s t e d  lamb j o i n t s  o b t a i n e d  f r om lambs on d i f f e r e n t  f e e d i n g  
r e g i m e s .  In v i e w  o f  p r e v i o u s  r e p o r t s  of  t h e  e f f e c t  o f  f e e d i n g  
r egi me on lamb f l a v o u r ,  i t  seemed p r o b a b l e  t h a t  d i f f e r e n c e s  wer e 
l i k e l y  t o  be e s t a b l i s h e d .  Hence i t  was a l s o  c o n s i d e r e d  i m p o r t a n t  
t o  e s t a b l i s h  i f  f l a v o u r  p r e f e r e n c e s  f o r  lamb f rom d i f f e r e n t  f e e d i n g  
r e g i me s  e x i s t e d .  T h e  number  of  sampl es was s ma l l  and the t i me  s c a l e  
s h o r t .  Hence t he  r ecomme nd at i on  o f  BS5929 ( 1980)  t h a t  i t  i s  u nwi s e  
t o  embark on an e x t e n s i v e  s e r i e s  o f  p r e f e r e n c e  s t u d i e s  p r i o r  t o  
e s t a b l i s h i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between sampl es 
was n ot  f o l l o w e d .  Such a r e c o m me n d a t i o n ,  w h i l s t  t h e o r e t i c a l l y  
d e s i r a b l e ,  may n o t  be p r a c t i c a b l e  i n  a s s e s s i n g  meats and o t h e r  
c o m m o d i t i e s  w h i c h  show such i n h e r e n t  v a r i a t i o n  and l i m i t e d  s t o r a g e  
1 i f e .
T h e r e  a r e  f i v e  r e c o g n i s e d  s e n s o r y  e v a l u a t i o n  p r o c e d u r e s  wh i c h
can be used t o  d e t e r m i n e  i f  d i f f e r e n c e s  do o r  do n ot  e x i s t  between
s a mp l e s .  T h e s e  a r e :
( a )  F l a v o u r  P r o f i l e  A n a l y s i s
( b )  P a i r e d  C o mp a r i s o n  ( D i f f e r e n c e )  T e s t s
( c )  T r i  a n g l e  T e s t s
( d )  Duo -  T r i o
( e )  Two i n F i v e .
Each o f  t h e s e  p r o c e d u r e s  i s  d i s c u s s e d  i n C h a p t e r  3.  W h i l s t  
h a v i n g  t he  u nd o u b t e d  a d v a n t a g e  o f  i mmedi at e a sse ssme nt  of  t he  
m a g n i t u d e  and n a t u r e  o f  d i f f e r e n c e s  between s a mp l e s ,  f l a v o u r  p r o f i l e  
a n a l y s i s  i s a s p e c i a l i s e d  and t i me c onsumi ng p r o c e d u r e  b e s t  r e s e r v e d  
f o r  t he  a sse ssme nt  of  a sma l l  number  of  s a mp l e s .  T h e  e x t e n s i v e  
t r a i n i n g  of  t he  l a r g e  number  o f  p o t e n t i a l  panel  members t o  p a r t i c i p a t e  
i n/
i n  t h i s  t y p e  o f  s t u d y  was n o t  deemed p r a c t i c a b l e .
T h e  p a i r e d  c o m p a r i s o n  ( d i f f e r e n c e )  t e s t  i s  o n e - t a i l e d .  I t  
r e q u i r e s  t h e  e x p e r i m e n t e r  t o  i d e n t i f y  a p a r t i c u l a r  a t t r i b u t e  of  t he  
p r o d u c t  b e i n g  t e s t e d .  F o r  m e a t s ,  i t  i s  s u i t a b l e  f o r  a s s e s s i n g  
t e x t u r a l  p r o p e r t i e s  such as t e n d e r n e s s  or  j u i c i n e s s ,  b u t  f o r  f l a v o u r  
a p a r t i c u l a r  a t t r i b u t e  i s d i f f i c u l t  t o  s p e c i f y .  ' T y p i c a l '  lamb 
f l a v o u r  i s  u n l i k e l y  t o  have the same i m p l i c a t i o n s  f o r  e v e r y  member 
o f  a t a s t e  p a n e l .  T h e  c h o i c e  of  wor d i m p l y i n g  t a i n t  o r  even s t r o n g  
f l a v o u r  c o u l d  c r e a t e  b i a s  in a t t i t u d e  of  panel  members who may d e t e c t  
' d i f f e r e n c e s '  between sampl es when none e x i s t .  F o r  such r e a s o n s ,  
p a r t i c u l a r l y  as t h e  p o s s i b l e  n a t u r e  of  f l a v o u r  d i f f e r e n c e s  c o u l d  not  
be s p e c i f i e d ,  t h i s  t e s t  was c o n s i d e r e d  u n s u i t a b l e .
A t  t he  t i m e  t h e  e x p e r i m e n t a l  programme was p l a n n e d ,  t h e  t r i a n g l e  
t e s t  was c o n s i d e r e d  t o  be t h e  most  a p p r o p r i a t e  f o r  d e m o n s t r a t i n g  i f  
d i f f e r e n c e s  do or  do n o t  e x i s t  between s a mp l e s .  M u l l e r  ( 1 97 7 )  
b e l i e v e d  t h a t  the p o s i t i o n  in t h e  U n i t e d  Ki ngdom was l i k e l y  t o  be 
s i m i l a r  t o  the U n i t e d  S t a t e s  wh er e  B r a n d t  and A r n o l d  ( 1 97 7 )  had 
r e p o r t e d  t h a t  i t  was t he  t e s t  most  f r e q u e n t l y  used by f ood  c o mp a n i e s .
I t s  mai n a d v a n t a g e  i s  t h a t  t he  odd sampl e i s  i d e n t i f i e d  c o r r e c t l y  by 
c ha nc e  a l o n e  on o n l y  one of  t h r e e  o c c a s i o n s .  In t he D u o - t r i o  t h i s  
p o s s i b i l i t y  i s  one i n two.
A t  t he p r e s e n t  t i m e ,  c o m p a r a t i v e  s t u d i e s  o f  t he e f f i c i e n c y  of  
t r i a n g l e  and d u o - t r i o  t e s t s  a r e  i n  p r o g r e s s .  An a d v a n t a g e  o f  t he  
l a t t e r  i s  t h a t  more sampl es  can be t a s t e d  a t  a g i v e n  s e s s i o n  t hus  
maki ng  more e c o n o m i c a l  use o f  t a s t e r s .  H o we v e r ,  i t  was n ot  so 
h i g h l y  r e g a r d e d  as t he  t r i a n g l e  t e s t  i n  1977.
T h e  two i n f i v e  t e s t ,  n e v e r  as p o p u l a r  as t h e  o t h e r  t wo,  was 
c o n s i d e r e d  t o  be t o o  c o m p l i c a t e d  f o r  use w i t h  u n t r a i n e d  t a s t e r s  who 
c o u l d /
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c o u l d  be w o r k i n g  u n s u p e r v i s e d .  T hu s  a s e r i e s  of  r e p l i c a t e d  p a i r e d  
c o m p a r i s o n  ( p r e f e r e n c e )  and t r i a n g l e  t e s t s  was p l a n n e d .  T h e s e  woul d  
d e m o n s t r a t e  i f  f l a v o u r  p r e f e r e n c e s  f o r  a p a r t i c u l a r  sampl e o r  f l a v o u r  
d i f f e r e n c e s  between sampl es  e x i s t e d .
D u r i n g  e x p e r i m e n t s  w i t h  p o r k  d e t e c t a b l e  d i f f e r e n c e  in t h e  aroma 
o f  s u b c u t a n e o u s  f a t  f r om c a r c a s s e s  f r om t e s t  and c o n t r o l  a n i m a l s  
e x i s t e d  when t h e  t e s t  a n i m a l s  had r e c e i v e d  ' d e o i l e d  h e r r i n g  s i l a g e '  
o r  ' s p e n t  b r e w e r s  wash'  i n  t h e i r  d i e t s .  T h e s e  d i f f e r e n c e s  wer e n o t  
p r e s e n t  i n cooked s a mp l e s .  In bot h e x p e r i m e n t s ,  t h e s e  d i f f e r e n c e s  
wer e  n o t  a s s o c i a t e d  w i t h  f l a v o u r  p r e f e r e n c e s .  S u b s t a n c e s  r e s p o n s i b l e  
f o r  t h e s e  d i f f e r e n c e s  a r e  l i k e l y  t o  have  v o l a t i l i s e d  o r  decomposed 
d u r i n g  t h e  c o o k i n g  p r o c e s s .
T h u s  in t h e  t r i a l s  t o  d e t e r m i n e  t h e  e f f e c t  o f  f e e d i n g  r egi me 
on lamb f l a v o u r ,  i n  a d d i t i o n  t o  c a r r y i n g  ou t  t a s t i n g  s e s s i o n s  u s i n g  
p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  and t r i a n g l e  t e s t s  on cooked lamb 
s a m p l e s ,  t r i a n g l e  t e s t s  on t h e  aroma o f  raw and cooked f a t  p l u s  l ean 
wer e c a r r i e d  o u t .  Because i t  was assumed t h a t  d i f f e r e n c e s  woul d  
e x i s t  between s a m p l e s ,  two c o n t r o l  and one t e s t  sampl e wer e  used i n 
each t r i a n g l e  t e s t .  Each of  t he t h r e e  p o s s i b l e  p r e s e n t a t i o n s  was
used f o r  b ot h  raw and cooked s a mp l e s .  I t  was c o n s i d e r e d  t h a t  t h e
r e s u l t i n g  18 a s s e s s me n t s  was t h e  maximum w h i c h  c o u l d  be r e q u i r e d  of  
p a r t i c i p a n t s .  T h e  e x p e r i m e n t a l  d e s i g n  o f  t h e  s i x  p r e s e n t a t i o n s  i s  
i n d i c a t e d  i n T a b l e  6 . 1 .
T a b l e  6 . 1  D e s i g n  o f  T r i a n g l e  T e s t s  : Aroma of  Raw and Cooked F a t s
100.
B a t c h  1 2 3 k 5 6
P r e s e n t a t i o n  BAA AAB ABA AAB BAA ABA
R/C C R R C R C
wh er e  A »  c o n t r o 1 ( g r a s s  f e d )  sampl e
B = t e s t  ( rape f e d )  sample
R -  raw
C = cooked
T h e  t e s t  p r o c e d u r e s  ii  nd i c a t e d i n C h a p t e r  k wer e f o l l o w e d .
S i n c e  aroma i s  a m a j o r  component  of  f l a v o u r ,  i t  was c o n s i d e r e d  
t h a t  t h e s e  t e s t s  c o u l d  be o f  v a l u e  i n  i d e n t i f y i n g  d i f f e r e n c e s  between 
s a m p l e s .
In each of  t h e s e  e x p e r i m e n t s ,  p e r f o r m a n c e  of  t h e  s u b j e c t s  i n  t he  
t r i a n g l e  t e s t s  on t h e  raw and c o o k e d  sampl es  was compar ed.  W i l c o x o n ' s  
M a t c h e d - P a i r s  S i g n e d - R a n k  T e s t  was used t o  t e s t  t h e  h y p o t h e s i s  t h a t  
s u b j e c t s  wou l d  i d e n t i f y  d i f f e r e n c e s  between raw t e s t  and c o n t r o l  
s ampl es more r e a d i l y  t han i n t he  c o r r e s p o n d i n g  cooked s a mp l e s .  T h i s  
h y p o t h e s i s  a l l o w s  t he  t e s t  t o  be o n e - t a i l e d  ( C h a p t e r  3 ) .
In t he  t r i a n g l e  t e s t s  d e s c r i b e d  i n p r e v i o u s  p a r a g r a p h s ,  t he  
e x p e r i m e n t a l  d e s i g n  s t r e t c h e d  t e s t e r s '  a c u i t y  t o  the l i m i t .  F u r t h e r  
t r i a l s  u s i n g  two t e s t  and one c o n t r o l  sampl e  c o u l d  have i mp r ov ed  t he  
e x p e r i m e n t a l  d e s i g n  c o n s i d e r a b l y ,  but  s e n s o r y  f a t i g u e  and p r o b a b l e  
l a c k  o f  c o - o p e r a t i o n  by p a r t i c i p a n t s  woul d have been a l m o s t  i n e v i t a b l e .
In t h e  s e r i e s  o f  t r i a l s  t o  d e t e r m i n e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e ,  
t h e r e  wer e  no c o m p l a i n t s  f r om t a s t e r s  a b o u t  the number  o f  p r e s e n t a t i o n s .  
Ho we v e r ,  even i f  p a l a t e  c l e a n e r s  a r e  p r o v i d e d ,  s e n s o r y  a c u i t y  f a l l s  
o f f  when,  i n  t h e  i n t e r e s t s  o f  e x p e r i m e n t a l  d e s i g n ,  t o o  many sampl es 
a r e  p r e s e n t e d  on any one o c c a s i o n .  Wi t h  me a t s ,  t he  q u a n t i t y  a v a i l a b l e  
w i t h  i d e n t i c a l  c h a r a c t e r i s t i c s  i s  an a d d i t i o n a l  c o n s t r a i n t .  Hence 
some c ompr omi se i s  i n e v i t a b l e .  T h e r e f o r e  an i n v e s t i g a t i o n  o f  t h e  
m i n i m a l  number  of  r e p l i c a t e s  r e q u i r e d  i n the t a s t i n g  t e s t s  was made.
R e s u l t s  i n p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s  a r e  b i n o m i a l l y  
d i s t r i b u t e d .  T h u s  t h e  b i n o m i a l  e x p a n s i o n  may be used t o  d e t e r m i n e  
t he number  o f  r e p l i c a t e s  r e q u i r e d  i n  each s e r i e s  of  t r i a l s .  As t he  
number  o f  r e p l i c a t e s  i n c r e a s e s ,  t h e  p r o b a b i l i t y  o f  i d e n t i f y i n g  t h e  
odd sampl e c o r r e c t l y  by c hance a l o n e  on a l l  o c c a s i o n s  d e c r e a s e s .  T h e  




In p a i r e d  c o m p a r i s o n s ,  t he  p r o b a b i l i t y  o f  e i t h e r  sample b e i ng  
p r e f e r r e d  on a l l o c c a s i o n s  i f  t h e r e  a r e  f o u r  r e p l i c a t e s  i s  < 0 . 0 6 2 5 ;  
wher e  p = q =  0 . 5 .  T o  a c h i e v e  t h i s  r e s u l t ,  each p a r t i c i p a n t  must  
t a s t e  e i g h t  s a mp l e s .  S i n c e  t r i a n g l e  t e s t s  on t h e  same sampl es  wer e 
r e q u i r e d  a t  each s e s s i o n  t h i s  p r o b a b i l i t y  was c o n s i d e r e d  a c c e p t a b l e  
a l t h o u g h  by no means i d e a l .
F o r  t r i a n g l e  t e s t s  used t o  d e t e c t  d i f f e r e n c e s  i n f l a v o u r ,  i f  
f o u r  r e p l i c a t e s  a r e  u s e d ,  each t a s t e r  wou l d  be r e q u i r e d  t o  t a s t e  an 
a d d i t i o n a l  18 sampl es  maki ng 26 i n  a l l .  W h i l s t  t h e  p r o b a b i l i t y  of  
i d e n t i f y i n g  t he odd sampl e c o r r e c t l y  by c hance a l o n e  on a l l  f o u r  
o c c a s i o n s  i s  < 0 . 0 0 5  ar,8 on t h r e e  o f  t he  f o u r  o c c a s i o n s  < 0 . 0 5 7 ,  
i t  seemed u n r e a l i s t i c  t o  r e q u e s t  t h a t  so many sampl es be t a s t e d  
on a s i n g l e  o c c a s i o n  even i f  s u f f i c i e n t  meat  we r e  a v a i l a b l e .  T h u s ,  
i n t he  e a r l y  e x p e r i m e n t s  i t  was d e c i d e d  t o  r e s t r i c t  t r i a n g l e  t e s t s  
t o  t wo.  P e r f o r m a n c e  woul d s u b s e q u e n t l y  be r e v i e w e d  a n d ,  i n  d e s i g n i n g  
t he  e x p e r i m e n t s ,  p r o v i s i o n  was made t o  c a r r y  ou t  f o u r  t r i a n g l e  t e s t s .
In t h e  e v e n t ,  a f t e r  the f i r s t  f o u r  s e s s i o n s  o f  t h e  g r a s s / r a p e  t r i a l s  
on g i g o t s ,  in the two s e s s i o n s  a l l o c a t e d  t o  t he  a sse ssme n t  of  l o i n s  
t h e r e  wer e  f o u r  r e p l i c a t e d  t r i a n g l e  t e s t s .
In t he  t r i a n g l e  t e s t s  used t o  i d e n t i f y  p o s s i b l e  d i f f e r e n c e s  in 
aroma of  raw and cooked s a m p l e s ,  t h e r e  wer e t h r e e  t r i a l s .  The 
p r o b a b i l i t y  o f  i d e n t i f y i n g  t h e  odd sampl e c o r r e c t l y  on a l l  t h r e e  
o c c a s i o n s  i s  < 0 . 0 3 7 .  T h i s  was c o n s i d e r e d  t o  be a s a t i s f a c t o r y  
e x p e r i m e n t a l  d e s i g n .
P r o b a b i l i t i e s  wer e  c a l c u l a t e d  f o r  t r i a n g l e  t e s t s  on t h e  
a s s u m p t i o n  t h a t  a t r i a l  i s  one s e t  o f  e i t h e r  t wo,  t h r e e  o r  f o u r  
t r i a n g l e  t e s t s .  Each t r i a l  r e q u i r e d  t h r e e  j u d g e m e n t s .  Each 
j u d g e m e n t  has a one in t h r e e  c hance o f  b e i n g  c o r r e c t .  T h e  f u l l  
des i gn/
d e s i g n  of  t h e  e x p e r i m e n t s ,  w i t h  e i t h e r  two or  f o u r  t r i a n g l e  t e s t s  is 
i n d i c a t e d  i n T a b l e  6 . 2 .  A l t h o u g h  t a s t e r s '  r e c o r d i n g  f or ms f o l l o w e d  
t h i s  d e s i g n  t o  a v o i d  e r r o r s  i n  p u n c h i n g  i n r e s u l t s  f o r  a n a l y s i s  t he 
a c t u a l  p r e s e n t a t i o n s  t o  t a s t e r s  were r a nd omi s e d  i n f l a v o u r  t r i a l s  
between s e s s i o n s  and i n t h e  aroma t r i a l s  i t  was i n d i c a t e d  t h a t  j u d g e m e n t s
need n ot  be made in any p a r t i c u l a r  o r d e r  ( P l a t e s  5 & 6 and T a b l e  6 . 3  of  
t h e  Append i x ) .
T a b l e  6 . 2  S e n s o r y  A p p r a i s a l  T e s t s  -  Gr a s s  V e r s u s  Rape :
E x p e r i m e n t a l  D e s i g n
103.
P a i r e d  C o mp a r i s o n s
Pai r 1 2 3 4
Sampl e A Codes 682 145 251 956
Sampl e B 11 561 363 324 178
T r i  a n g l e  T e s t s  - T a s t  i ng
Gr oup ABA BAB ABA BAB
Sample A Codes 201 791






O 861 144 119
Sampl e B 11 725 634 432 818
Sampl e B " 412 556
T r i  a n g l e  T e s t s  - Aroma
Gr oup 1 2 3 4 5 6
Sampl e A Codes 945 954 426 237 516 532
Sample A " 382 195 779 488 736 213
Sample B " 538 221 141 275 189 918
R/C C R R C R C
BAA AAB ABA AAB BAA ABA
A b b r e v i a t i o n s  a r e t h o s e used i n T a b l e  6, . 1.
F o l l o w i n g  t he  a s s e s s m e n t s ,  t h e  d a t a  was a n a l y s e d  w i t h  comp u t er  
s u p p o r t .  Speci men p r i n t o u t s  a r e  p r e s e n t e d  i n t h e  A p p e n d i x  ( T a b l e s  
6 . 1  and 6 . 2 ) .
F o r /
F o r  b ot h  p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s ,  on t h e  n u l l
h y p o t h e s i s ,  r e s u l t s  a r e  b i n o m i a l l y  d i s t r i b u t e d .  In the f i r s t
2
a n a l y s e s ,  v a l u e s  f o r  x  we r e  c a l c u l a t e d  f o r  b o t h  t e s t s .  R e s u l t s  
w h i c h  we r e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  we r e  r e c o r d e d  f o r  each 
e x p e r i m e n t  w i t h  d f  (K -  1 ) .  T h e  b i n o m i a l  d i s t r i b u t i o n  a l l o w e d  
c a l c u l a t i o n  of  t he  e x p e c t e d  f r e q u e n c i e s  i n each c a t e g o r y  based on 
t h e  n u l l  h y p o t h e s i s .  A c t u a l  and e x p e c t e d  f r e q u e n c i e s  wer e  compar ed.
T h e  K o l m o g o r o v - S m i r n o v  t e s t  ( w h i c h  compar es c u m u l a t i v e  f r e q u e n c i e s  
o f  b i n o m i a l l y  d i s t r i b u t e d  d a t a )  was t hen used t o  d e t e r m i n e  i f  t h e  
c r i t i c a l  v a l u e s  o f  D e n a b l e d  t h e  n u l l  h y p o t h e s i s  t o  be a c c e p t e d  or  
r e j  e c t e d .
T he  r e s u l t s  i n  each e x p e r i m e n t  wer e  t hen g r o u p e d .  U n t i l  
r e c e n t l y  t h i s  was g e n e r a l l y  a c c e p t e d  p r a c t i c e  b ut  as H a r r i e s  ( 1 98 2 )  
i n d i c a t e s  t h i s  p r o c e d u r e  i s  open t o  c r i t i c i s m  i n t h a t  u s i n g  n 
t a s t e r s  once i s  t h a t  t he  same as u s i n g  one t a s t e r  n t i m e s .  O n l y  
when t he  p r o b a b i l i t y  o f  a c o r r e c t  answer  i s  t he  same f o r  a l l  
s u b j e c t s  and i n d e p e n d e n t  f r o m t r i a l  t o  t r i a l  i s  t h i s  p r a c t i c e  v a l i d .
Where d i f f e r e n c e s  bet ween meat  sampl es is s l i g h t ,  a p ane l  w i l l  
c o m p r i s e  d i s c r i m i n a t o r s  and n o n - d i s c r i m i n a t o r s .  ( T h i s  p r o b l e m  is 
d i s c u s s e d  f u r t h e r  i n  C h a p t e r  3 and 1 3 ) .  R e s u l t s  f rom t h i s  g r o u p e d  
d a t a  a r e  p r e s e n t e d  f o r  i n t e r e s t  a l t h o u g h  t h e i r  l i m i t a t i o n s  a r e  
r e c o g n  i s e d .
As i n  t h e  e x p e r i m e n t s  t o  d e t e r m i n e  o p t i m a l  i n t e r n a l  t e m p e r a t u r e ,  
i n d i v i d u a l s 1 p e r f o r m a n c e  i n each t e s t  was exami ne d.  I n d i v i d u a l s  who 
i d e n t i f i e d  t h e  odd sampl e c o r r e c t l y  i n  a t  l e a s t  50% of  t h e  p r e s e n t a ­
t i o n s ,  i . e .  t h o s e  who d e m o n s t r a t e d  a p t i t u d e  i n i d e n t i f y i n g  d i f f e r e n c e s  
wer e s t u d i e d .  T h e r e  i s  l i t t l e  p u b l i s h e d  work i n  t h i s  a r e a ,  ( Land D G,  
p e r s o n a l  c o m m u n i c a t i o n ) ,  but  i t  c o u l d  be a r gu e d  t h a t  t h e  p r e f e r e n c e  
j u d g e m e n t s  o f  such i n d i v i d u a l s  a r e  t hus  made on a more r a t i o n a l  b a s i s .
A/
10A.
A s t u d y  was a l s o  made o f  t h o s e  who p r e f e r r e d  A o r  B on e i t h e r  t h r e e
o r  f o u r  o c c a s i o n s ,  i . e .  t h o s e  who wer e  c o n s i s t e n t  i n  t h e i r  j u d g e m e n t .
I t  has been s u g g e s t e d  ( A m e r i n e  e t  a l  1965)  t h a t  t h e  i n e x p e r i e n c e d
may p e r f o r m  b e t t e r  i n p a i r e d  c o m p a r i s o n s  t han i n t r i a n g l e  t e s t s .
I t  i s  r e c o g n i s e d  t h a t  p r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e .  A sampl e
c o n s i d e r e d  by one s u b j e c t  t o  have i n f e r i o r  f l a v o u r  may be p r e f e r r e d
by a n o t h e r .  C o n s i s t e n t  p r e f e r e n c e  i s  however  o f  i n t e r e s t
p a r t i c u l a r l y  as i n t h e  d e s i g n  and e x e c u t i o n  of  t h e  e x p e r i m e n t s
e f f o r t s  wer e made t o  m i n i m i s e  p o s i t i o n a l  b i a s .
As i n d i c a t e d  e a r l i e r  i n  t h i s  c h a p t e r ,  W i l c o x o n ' s  M a t c h e d - P a i r s
R a n k e d - S i g n  T e s t  was used t o  d e t e r m i n e  i f  d i f f e r e n c e s  between t e s t
and c o n t r o l s  was more r e a d i l y  d e t e c t e d  i n raw than in cooked s a mp l e s .
F i l e s  wer e c r e a t e d  f o r  t h e  s i x  s e s s i o n s .  T he  f i r s t  f o u r
s e s s i o n s  compared g i g o t s  and t h e  r e m a i n i n g  t wo l o i n s .  V a l u e s  o f  
2
X a r e  i n d i c a t e d  i n T a b l e  6 . 3  ( d f  4 ) .  Where t h e  c a l c u l a t e d  v a l u e  
i n t he  p a i r e d  c o m p a r i s o n s  e xceeds  9 . 4 9 ,  1 3 . 2 8  and 18. 46 t h e  p r o b ­
a b i l i t i e s  o f  a c h i e v i n g  such r e s u l t s  by chance a l o n e  a r e  < 0 . 0 5 ,  0 . 01 
and 0 . 0 0 1  r e s p e c t i v e l y .  T h e s e  v a l u e s  a l s o  a p p l y  t o  t r i a n g l e  t e s t s  
on l o i n  s a mp l e s .  C o r r e s p o n d i n g  v a l u e s  of  Chi  s q u a r e  f o r  t r i a n g l e  
t e s t s  on g i g o t s  a r e  5 - 9 9 ,  9 . 2 1  and 13. 82 ( 2 d f )  w i t h  p r o b a b i l i t y
v a l u e s  of  < 0 . 0 5 ,  <0 . 0 1  and <0. 001 r e s p e c t i v e l y .
2
T a b l e  6 . 3  V a l u e s  of  x  ' n P a i r e d  Comp a r i s on  ( P r e f e r e n c e )  and 
T r i a n g l e  T e s t s  : Gr a s s  v e r s u s  Rape F l a v o u r  
F i l e  TA-' : Cut  N P a i r e d  Co mp a r i s o n s  T r i a n g l e  T e s t s
105.
A G 17 16. 33 -  0 . 0 7
B G 18 6 . 4 4  3 . 6 3
C G 15 7.0b  1 . 20
E G 17 2 . 4 5  0 . 6 0
D L 13 2 . 5 9  3 . 8 1
F L 13 5 . 7 7  4 . 9 8
T h e  o n l y  v a l u e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  ( p < 0 . 0 l )  i s  u n d e r s c o r e d .
2
T h e  v a l u e s  o f  x  f ° r t he  aroma o f  raw and cooked sampl es a r e  shown in 
T a b l e  6 . 4  be 1ow -
106.
T a b l e  6 . 4  V a l u e s  of  x  i n  T r i a n g l e  T e s t s  -  Aroma o f  Gr ass
v e r s u s  Rape Sampl es Raw and Cooked
F i l e  T A -'- Cut  T r i a n g l e  T e s t s  (Raw)  T r i a n g l e  T e s t s  ( C o o k e d )
A G 17 1. 33 3 . 0 5
B G 18 1 . 4 4  A . 31
C G 15 0 . 5 3  1 2 . 9 0  **
E G 17 3 .65  5 .0 4  (p<0.10 )
D L 13 1 . 28 0 . 9 3
F L 13 1 . 8 0  2 . 9 2
o
When t h e  c a l c u l a t e d  v a l u e s  of  x  a r e  7 . 8 2 ,  11. 34 and 1 6 . 2 7  ( 3 d f ) , 
t h e y  c o r r e s p o n d  t o  p r o b a b i l i t i e s  o f  < 0 . 0 5 ,  <0. 01 and <0. 001 
r e s p e c t i v e l y .  T h e  o n l y  t r i a l  wher e  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  i n aroma o f  g r a s s  and r ape f ed sampl es ( p < 0 . 0 l )  i s  
u n d e r s c o r e d .
T he  g i g o t  sampl e r e s u l t s  i n f i l e s  A and C and t he  l o i n  sampl e 
r e s u l t s  ( w h i c h  a r e  i n f i l e s  D and F)  r e l a t e  t o  t r i a l s  c a r r i e d  out  
a t  ESCA.  T wo of  t h e  g i g o t  t r i a l s  -  f i l e s  B and E -  were c a r r i e d  
ou t  at  QMC.
The r e s u l t s  o f  t h e s e  t r i a l s  s u g g e s t  t h a t  i f  d i f f e r e n c e s  in 
f l a v o u r  o r  aroma e x i s t  between sampl es t h e y  a r e  so s m a l l  t h a t  t h e y  
c a n n o t ,  w i t h  one e x c e p t i o n ,  be d e t e c t e d .  O n l y  one t r i a l  i n d i c a t e d  
a s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e .  T h i s  p r e f e r e n c e  
was f o r  a g i g o t  r o a s t  f r om a g r a s s  f ed w e t h e r .
T o  c o n f i r m  t h e s e  f i n d i n g s ,  c r i t i c a l  v a l u e s  of  D w h i c h  a l l o w  
t he  n u l l  h y p o t h e s i s  t o  be a c c e p t e d  o r  r e j e c t e d  wer e  c a l c u l a t e d  u s i n g  
t h e  K o l m o g o r o v - S m i r n o v  T e s t .  T h e  e x p e c t e d  f r e q u e n c y  o f  r e s p o n s e s  
i n each c a t e g o r y  was c a l c u l a t e d  a c c o r d i n g  t o  t he  b i n o m i a l  d i s t r i b u t i o n .  
T h i s  t e s t  compar es t h e  c u m u l a t i v e  e x p e c t e d  and o b s e r v e d  f r e q u e n c i e s  
f o r  each c a t e g o r y .  F o r  p a i r e d  c o mp a r i s o n s  t h e r e  a r e  f i v e  c a t e g o r i e s .  
T h e r e /
2 ~
T h e r e  a r e  a l s o  f i v e  c a t e g o r i e s  f o r  t he t r i a n g l e  t e s t s  on t h e  f l a v o u r  
o f  l o i n  s a mp l e s .  F o r  t r i a n g l e  t e s t s  on t h e  f l a v o u r  o f  g i g o t s  and on 
t h e  aroma of  raw and cooked sampl es t h e r e  a r e  t h r e e  o r  f o u r  c a t e g o r i e s  
r e s p e c t i v e l y .  T h e  c a l c u l a t e d  v a l u e s  of  D a r e  i n d i c a t e d  i n T a b l e  6 . 5 .
T a b l e  6 . 5  Gr a s s  v e r s u s  Rape -  K o l mo g o r o v - S mi r n o v  T e s t  : C r i t i c a l  
V a l u e s  o f  D
F i l e  T  A -- C u t  N_ PCP T  r i ang 1 e ( F )  T  r i ang l e  ( A R ) T r i a n g l e  ( AC)
107.
A G 17 0.229 0. 02 A 0.082 0. 118
B G 18 0. 189 0. 167 0.09A 0.09A
C G 15 0.220 0.093 0.0A0 0. 160
E G 17 0. 141 0.082 0.200 0. 153
D L 13 0.085 0.253 0. 131 0.085
F L 13 0. 100 0. 123 0.085 0. 1A6
wher e PCF’ = Pa i red Compar i sons ( P r e f e r e n c e )
F = F l a v o u r  
AR = Aroma raw 
AC = Aroma cooked
From T a b l e  6.5  i t  w i l l  be not e d  t h a t  none o f  t he  c a l c u l a t e d  v a l u e s  o f  
D a r e  l a r g e  enough t o  a l l o w  the n u l l  h y p o t h e s i s  t o  be r e j e c t e d .  T h e  
o b s e r v e d  r e s u l t s  do not  d i f f e r  s i g n i f i c a n t l y  f rom t h e  e x p e c t e d  r e s u l t s .  
Bot h a r e  b i n o m i a l l y  d i s t r i b u t e d .  T h e  r e s u l t s  of  s i n g l e  t r i a l  o f  
s t a t i s t i c a l  s i g n i f i cance i n d i c a t e d  i n T a b l e s  6 .3  and 6 . A have n o t  been 
c o n f i r m e d .  T h e s e  p r e l i m i n a r y  a n a l y s e s  i n d i c a t e  t h a t  t h e  c o n c l u s i o n s  
f o l l o w i n g  t h e s e  two t a b l e s  a r e  l i k e l y  t o  be c o r r e c t .
T h e  t o t a l  f l a v o u r  p r e f e r e n c e s  f o r  sampl e A ,  t h e  c o n t r o l ,  t he  
c a l c u l a t e d  v a l u e  of  t h e  z s t a t i s t i c  and t he  p r o b a b i l i t i e s  f o r  t h e  
g r o u p e d  d a t a  a r e  p r e s e n t e d  in T a b l e  6 . 6 .
T a b  1e 6 . 6 /
108.
T a b l e  6 . 6 Pai  red Compari  son ( P r e f e r e n c e ) T e s t s  : G r a s s  v e r s u s
F i l e  T A * Cut
Rape
N A p r e f e r r e d T o t  a 1 z Pr o b a b i  1 i t y < *
A G 17 **5 68 2.5**5 0 . 011
B G 18 32 72 0 . 8 2 5 0 . 4 1 2
C G 15 22 60 1. 936 0 . 0 5 2
E G 17 30 68 0.  8kS 0 . 3 9 5
D L 13 2k 52 0 . 4 1 6 0.67**
F L 13 27 52 0 . 1 3 9 0 . 8 9 7
G i g o t s 67 129 268 0 . 5 5 0 . 5 8 2
Loi  ns 26 51 10** 0 . 0 9 8 0 . 9 2 0
T  o t a 1s 93 180 372 0.67*1 0 . 5 0 2
V a l u e s  w h i c h  a r e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  u n d e r s c o r e d .
T h e  p r o b a b i l i t y  i n T r i a l  C i s  somewhat m a r g i n a l .
T h e  r e s u l t  f o r  A ,  u s i n g  t h e  g r o u p e d  d a t a ,  c o n f i r m s  t h e
2
X r e s u l t  f o r  t h i s  t r i a l .  No c l e a r  p a t t e r n  o f  p r e f e r e n c e  f o r  e i t h e r  
sampl e i s  d e m o n s t r a t e d  by g i g o t s  o r  l o i n s  s i n c e  i n T r i a l  A ,  A was t he  
p r e f e r r e d  sampl e w h i l s t  i n T r i a l  C ,  B was p r e f e r r e d .
S i m i l a r  d a t a  f o r  t he  t r i a n g l e  t e s t s  ( f l a v o u r )  i s  g i v e n  i n T a b l e
6 . 7 .
T a b l e  6 . 7  T r i a n g l e  T e s t s  F l a v o u r  : Gr a s s  v e r s u s  Rape
F i l e  TA* Cut N C o r r e c t T o t a  1 z P r o b a b i 1i t y <
A G 17 1 1 3** - 0 . 3 0 3 0 . 3 8 2
B G 18 1** 36 0 . 5 3 0 0 . 2 9 8
C G 15 12 30 0.  581 0 . 281
E G 17 10 3** - 0 . 6 6 7 0 . 2 5 1
D L 13 12 52 - 1 . 7 1 6 0 . 0 4 3
F L 13 20 52 0 . 6 3 7 0 . 261
G i g o t s **7 13** 0 . 3 6 6 0 . 3 5 6
Loi  ns 32 10** - 0 . 6 5 9 0.25**
T  o t a 1s 79 238 - 0 . 1 4 6 0.  440
T h e  o n l y va 1 ue whi  ch a p p e a r s  t o be o f  s t a t i s t i c a l s i gn i f  i canee i
u n d e r s c o r e d /
“ Two t a i l e d  t e s t .  V a l u e  in p r o b a b i l i t y  t a b l e s  was t h e r e f o r e  d o u b l e d
t o  o b t a i n  t h e s e  r e s u l t s .  . . / n r
( P a i r e d  Comp a r i s on  ( P r e f e r e n c e )  T e s t s )
u n d e r s c o r e d .  In f a c t  i t  woul d be i n c o r r e c t  t o  deduce t h a t  t he  odd 
sampl e o f  t he  t h r e e  has been i d e n t i f i e d  c o r r e c t l y  on s u f f i c i e n t  
o c c a s i o n s  f o r  t h i s  r e s u l t  t o  be o f  s t a t i s t i c a l  s i g n i f i c a n c e .  T he  
p r o p o r t i o n  o f  c o r r e c t  i d e n t i f i c a t i o n s  by chance a l o n e  wou l d  have been 
a t  l e a s t  17 wher eas  t h e  number  of  c o r r e c t  i d e n t i f i c a t i o n s  was o n l y  12 
( 2 3 * ) .  A s i m i l a r  r e s u l t  is o b t a i n e d  f rom t he  d a t a  of  f i l e s  TAA and 
TAE (32 and 2 9 * ) .  Such a p e c u l  i a r  p a t t e r n  w i t h  a p r e p o n d e r a n c e  of  
i n c o r r e c t  r e s p o n s e s  in t h r e e  o f  t he  s i x  t r i a l s  v i o l a t e s  t h e  a s s u mp t i o n  
on w h i c h  t h e  t r i a n g l e  t e s t i n g  p r o c e d u r e  is based.  Neyman ( 1 9 5 0 ) ,
B e n n e t t  and F r a n k l i n  (195**) and Byer  (196**) d i s c u s s  e x p e r i m e n t a l  
f i n d i n g s  of  t h i s  t y p e .  I t  i s  s u g g e s t e d  t h a t  t h i s  wa r ns  of  some 
c o n f u s i n g  b i a s  in the e x p e r i m e n t .  I f  such a b i a s  was in o p e r a t i o n  
d u r i n g  the t r i a l s  i t  was not  p o s s i b l e  t o  d e t e r m i n e  i t s  c a u s e .  I t  
s h o u l d  however  be not e d  t h a t  t h e s e  t h r e e  t r i a l s  were c a r r i e d  o u t  a t  
ESCA.  A l t h o u g h  v o l u n t e e r s  had been c a r e f u l l y  b r i e f e d  t h e y  l acked 
e x p e r i e n c e  in u s i n g  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  in c o mp a r i s o n  w i t h  
many t a s t e r s  at  QMC. T h i s  l a c k  of  e x p e r i e n c e  may p er h ap s  have been 
the  i n t e r f e r i n g  f a c t o r  i n t he  t r i a l s .
P e r f o r ma n c e  of  i n d i v i d u a l  t a s t e r s  in t h e  p a i r e d  c o mp a r i s o n  and 
p r e f e r e n c e  t e s t s  was s t u d i e d .  G i g o t s  and l o i n s  a r e  c o n s i d e r e d  
s e p a r a t e l y  s i n c e  t h e r e  wer e o n l y  t wo t r i a n g l e  t e s t s  c a r r i e d  o u t  on 
g i g o t  s a mp l e s .  T h i s  makes i t  more d i f f i c u l t  t o  a sse ss  a p t i t u d e  t han 
in t r i a l s  w h i c h  f o l l o w e d  when t h e r e  were f o u r  t e s t s  i n each t r i a l .
S u b j e c t s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  d e m o n s t r a t e  a p t i t u d e  f o r  t h e  t e s t  
i f  t h e  odd sampl e i s  c o r r e c t l y  i d e n t i f i e d  in a t  l e a s t  50* o f  p r e s e n t ­
a t i o n s .  In p r e f e r e n c e  t e s t s ,  s u b j e c t s  a r e  j u d g e d  t o  show c o n s i s t e n c y  
i f  e i t h e r  sampl e A o r  sampl e B is p r e f e r r e d  on 3 or  A o c c a s i o n s .  T a b l e  
6 . 8  i n d i c a t e s  c o n s i s t e n t  p e r f o r m a n c e  of  s u b j e c t s  f o r  bot h  g i g o t  and 
l o i n  s a mp l e s .
109.
T a b l e  6 . 8/
T a b l e  6 . 8  C o n s i s t e n t  P r e f e r e n c e s  f o r  Gr a s s  and Rape Samples
1 10.
F i l e  T A* Cut N AA 3A 1 1 A b A B T o t a l
A G 17 5 A 3 0 9 3 12
(QMC) B G 18 2 A 6 3 6 9 15
C G 15 1 1 5 3 2 8 10
(QMC) E G 17 1 2 A 2 3 6 9
D G 13 0 3 5 0 3 5 8
F G 13 2 2 1 2 A 3 7
T  o t a  1 s 27 3A 61
In a d d i t i o n ,  t h e r e  wer e  32 o c c a s i o n s  on w h i c h  A and B wer e e q u a l l y  
p r e f e r r e d .  T h e  f i n a l  col umn of  T a b l e  I n d i c a t e s  t h a t  61 s u b j e c t s  
wer e c o n s i s t e n t  i n  t h e i r  p r e f e r e n c e .  Pe r f o r ma n c e  in t r i a n g l e  t e s t s  
of  t h e s e  s u b j e c t s  was s t u d i e d .  T a b l e  6 . 9  i n d i c a t e s  t he  p e r f o r m a n c e  
o f  t h e s e  61 s u b j e c t s  in t r i a n g l e  t e s t s .
T a b l e  6 . 9  P e r f o r m a n c e  of  C o n s i s t e n t  S u b j e c t s  i n T r i a n g l e  T e s t s :
Gr a s s  v e r s u s  Rape T r i a l s
Occas i ons
C o r r e c t G i g o t s % Loi  ns 1
0 20 A3.5 A 27
1 20 A3.5 7 A7
2 6 13.0 1 7
3 NA 3 20
A NA 0 0
T o t a  1 s A6 A9.5 15 27
wher e  NA = n o t  a p p l i c a b l e
T h u s  of  t h e s e  61 s u b j e c t s  o n l y  A 9 - 5  and 27 p e r c e n t  showed a p t i t u d e  
f o r  t r i a n g l e  t a s t i n g  p r o c e d u r e s .  T h e  number  o f  s u b j e c t s  who p r e f e r  
B t o  A ( T a b l e  6 . 8 )  must  t h e r e f o r e  be v i e w e d  w i t h  c o n s i d e r a b l e  c a u t i o n .  
P r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e  and i t  is d e s i r a b l e  t h a t  i t  s h o u l d  be 
e s t a b l i s h e d  on a r a t i o n a l  b a s i s .  T h i s  s e r i e s  of  r e s u l t s  does not  
i n d i c a t e  t h a t  t h i s  i s  so.
T h e  r e s u l t s  can be v i e we d  d i f f e r e n t l y  i f  p r e f e r e n c e s  o f  o n l y  
se l e c t e d /
i n .
s e l e c t e d  t a s t e r s  a r e  c o n s i d e r e d ,  i . e .  t h o s e  who i d e n t i f i e d  c o r r e c t l y  
i n t r i a n g l e  t e s t s  on a t  l e a s t  h a l f  t h e  p r e s e n t a t i o n s .  T h i s  
i n f o r m a t i o n  i s s e t  o u t  in T a b l e  6 . 1 0 .  For  r e a s o n s  a l r e a d y  e x p l a i n e d ,  
g i g o t s  and l o i n s  a r e  c o n s i d e r e d  s e p a r a t e l y .
T a b l e  6 . 1 0  P r e f e r e n c e s  of  S e l e c t e d  T a s t e r s  f o r  Gr a s s  o r  Rape Fed 
Sampl es
T A * N T r  i a n g l e  T e s t s  
C o r r e c t  
1 2
T o t a  1 b B 3B 3A bf\ S u b j e c t s  
P r e f e r r  i ng 
A B
A 17 7 2 9 0 2 1 5 6 2
B 18 12 1 13 3 b 3 1 b 7
C 15 6 3 9 1 2 0 1 1 3
E 17 6 2 8 0 3 0 0 0 3
C o r r e c t
2 3 b
D 13 1 1 0 2 0 1 0 0 0 1
F 13 2 3 0 5 0 l 1 1 2 1
' o t a  Is 59 37 b 13 5 8 13 17
T h e  t o t a l  number  of  s e l e c t e d  t a s t e r s  i s  i n d i c a t e d  in t h e  c e n t r e  o f
T a b l e  6 . 1 0 .  S u b j e c t s  who p r e f e r r e d  e i t h e r  A o r  B do not  c o r r e s p o n d  t o
t h e s e  v a l u e s .  T h i s  a r i s e s  because some of  t h e s e  s u b j e c t s  p r e f e r r e d
A and B on an e q u a l  number  of  o c c a s i o n s .  I t  i s  o f  i n t e r e s t  t o  n ot e
t h a t  t h e  s l i g h t  p r e f e r e n c e  f o r  t h e  f l a v o u r  o f  B is m a i n t a i n e d  a l t h o u g h
t h e  d a t a  has been a n a l y s e d  d i f f e r e n t l y .
D i f f e r e n c e s  in t h e  aroma o f  raw and cooked sampl es were a s s e s s ed
by t r i a n g l e  t e s t s .  T h e  d e s i g n  o f  t h e  e x p e r i m e n t  i s  i n d i c a t e d  i n T a b l e
2
6 . 1 .  T h e  v a l u e s  o f  x  ar|d t h e  p r o b a b i l i t i e s  a r e  i n d i c a t e d  i n T a b l e s  
6 . 1 1  and 6 . 1 2  
T a b l e  6.  11/
1 12.
T a b l e  6.  11 T r  i ang le T e s t s -  Aroma of  Raw Samp les
F i l e  TA* Cut N
2
X Cor  r e c t T o t a  1 z Pr obab i 1
A G 17 1. 33 16 51 - 0 . 4 6 6 0 . 3 2 6
B G 18 1. 4 4 16* 54 - 0 . 7 2 2 0 . 2 3 6
C G 15 0 . 5 3 15 45 - 1 . 5 8 0.  436
E G 17 3 . 6 5 12* 51 - 1 . 6 3 4 0 . 0 5 2
D L 13 1. 28 16 39 0 . 8 4 9 0 . 1 9 8
F L 13 1 .80 12 39 - 0 . 5 1 0 0 . 3 0 5
T o t a l s  G 59* 201 0 . 3 6 0 0 . 3 5 9
T o t a l s  L 28 78 - 1 . 2 7 2 0.  102
T o t a l s  G + L 87 278 - 0 . 8 2 6 0 . 2 0 3
’■ C o r r e c t  r e s p o n s e s  f o r  t h e s e  g r o u p s  wer e o n l y  2 9 . 6 % ,  2 3 - 5 %  and 
2 9 . 4 %  r e s p e c t i v e l y .
T hu s  t h e r e  a r e  no d e t e c t a b l e  d i f f e r e n c e s  i n  t h e  aroma o f  sampl es 
f r om g r a s s  f ed or  r ape f ed  l ambs.  T h e  o n l y  r e s u l t ,  F i l e  T A E ,  w h i c h  
a p p e a r s  t o  be o f  s t a t i s t i c a l  s i g n i f i c a n c e  i s n ot  v a l i d  because i n o n l y  
2 3 . 5  per  c e n t  o f  p r e s e n t a t i o n s  was t h e  c o r r e c t  i d e n t i f i c a t i o n  made.
As i n d i c a t e d  p r e v i o u s l y ,  t he  f u n d a me n t a l  a s s u mp t i o n  o f  t he  t r i a n g l e  
t e s t  i s v i o l a t e d .
T a b l e  6 . 1 2  T r i a n g l e  T e s t s  -  Aroma o f  Cooked Samples
F i l e  TA* Cut N
2
>L_ C o r r e c t T  ot a  1 z P r o b a b i 1
A G 17 3 . 0 5 17 51 - 0 . 1 4 9 0 . 4 8 0
B G 18 4. 31 17 54 - 0 . 4 3 3 0 . 3 3 4
C G 15 1 2 . 90d 21 45 1 . 739 0 . 0 4  l d
E G 17 5 . 0 4 18 51 - 0 . 1 4 4 0 . 4 4 4
D L 13 0 . 9 3 16 39 - 0 . 8 4 9 0 . 1 9 8
F L 13 2 . 9 2 12 39 0 . 8 4 9 0 . 1 9 8
T o t a l s  G 27 78 0 . 8 2 3 0 . 2 0 6
T o t a l s  L 73 201 0 . 1 2 0 0 . 4 5 2
T o t a l s  G + L 100 278 0 . 8 2 6 0 . 2 0 3
wh er e  d r  p < 0 . 0 5  
In t he  cooked s a m p l e s ,  a p a r t  f r om one t r i a l ,  no s t a t i s t i c a l l y
s i g n i f i c a n t  d i f f e r e n c e s  i n aroma wer e  d e m o n s t r a t e d .  In one t r i a l  
( F i  l e/
( F i l e  T A C ) ,  s u b j e c t s '  r e s p o n s e  p a t t e r n s  were 2 ,  8 ,  2 ,  3 f o r  z e r o ,  
one ,  t wo or  t h r e e  c o r r e c t  i d e n t i f i c a t i o n s  r e s p e c t i v e l y  i n  t he  t h r e e  
p r e s e n t a t i o n s .  T h e s e  p a r t i c i p a n t s  ( ESCA)  wer e  c a r r y i n g  o u t  t h e i r  
f i r s t  s e r i e s  o f  t r i a l s  and wer e l i k e l y  t o  have been w e l l  m o t i v a t e d .
T h i s  may have e n c o u r a g e d  them t o  i d e n t i f y  d i f f e r e n c e s  wher e  none 
e x i s t e d .  T h i s  a p p a r e n t  d i f f e r e n c e  c o u l d  have a r i s e n  as a r e s u l t  
of  changes i nd u c ed  by t h e  c o o k i n g  p r o c e s s  s i n c e  o n l y  33^/3 p e r  c e n t  
of  c o r r e c t  i d e n t i f i c a t i o n s  wer e  made i n t h e  raw s a mp l e s .  I t  t h us  
seems l i k e l y  t h a t  d e t e c t a b l e  d i f f e r e n c e s  i n t h e  aroma o f  cooked sampl es 
between g r a s s  and r ape f ed  a n i m a l s  a r e  a b s e n t .
As i n d i c a t e d  e a r l i e r  i n t h i s  c h a p t e r ,  V / i l c o x o n ' s  M a t c h e d - p a i  rs 
S i g n e d - R a n k s  T e s t  was used t o  t e s t  t h e  h y p o t h e s i s  t h a t  d i f f e r e n c e s  
w ou l d  be more r e a d i l y  d e t e c t e d  i n raw t han cooked sampl es  when t h e  
t r i a n g l e  t e s t  is u s ed.  T h e  s c o r e s  f o r  each t a s t e r ,  0 ,  1,  2 o r  3 
wer e  compar ed f o r  raw and cooked s a mp l e s .  R e s u l t s  of  t h i s  a n a l y s i s  
a r e  g i v e n  i n T a b l e  6 . 1 3 .  I t  w i l l  be not ed t h a t  none of  t h e  o b s e r v e d  
v a l u e s  of  T  i s  e qua l  t o  or  l e s s  t han c r i t i c a l  v a l u e s  s e t  o u t  i n  T a b l e  
J ( Habe r  and Runyon 1977)  -
T a b l e  6 . 1 3  W i I c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k  T e s t s :  G r a s s  v e r s u s  
Rape I
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: T A* N D_S T Pl u s M i nus M i nus <Pl us Resu 11
A 17 14 5 1 . 5 5 1 . 5 5 3 . 5 —  ■ NS
B 18 13 4 4 . 5 4 4 . 5 4 6 . 5 = = r NS
C 15 10 16. 5 16. 5 3 8 . 5 Yes NS
D 13 9 13. 5 3 1 . 5 13. 5 No NS
E 17 12 2 5 . 5 2 5 . 5 5 2 . 5 Yes NS
F 13 7 7 7 21 Yes NS
wh er e  N = number of  t a s t e r s
DS = t o t a l number  of o b s e r v a t i o n s  h a v i n g a d i f f é r é
s i g n
T = smal i e r ■ of  l i k e s i gned r anks
T h u s /
T h u s  the h y p o t h e s i s  t h a t  d e t e c t i o n  o f  t he  odd sampl e i n t r i a n g l e  t e s t s  
wou l d  o c c u r  w i t h  g r e a t e r  f r e q u e n c y  i n raw t han i n cooked sampl es must  
be r e j e c t e d .  In T a b l e  6 . 1 2 ,  i t  was i n d i c a t e d  t h a t  d e t e c t a b l e  d i f f e r e n c e s  
i n t he aroma of  cooked sampl es  may be p r e s e n t  i n  one t r i a l  ( F i l e  T A C ) .
In t he  p r e s e n t  t e s t  the p e r f o r m a n c e  of  each i n d i v i d u a l  i n t h e  two t e s t s  
i s  a s s e s s e d  s e p a r a t e l y .  Hence i t  does not  f o l l o w  t h a t  t h i s  t e s t  w i l l  
be i n  agr e e me nt  w i t h  p r e v i o u s  t e s t s .
3.  D i s c u s s i o n  and C o n c l u s i o n s
O n l y  one s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e  was e s t a b l i s h e d  
by P a i r e d  C o mp a r i s o n  ( P r e f e r e n c e )  t e s t s .  T h i s  p r e f e r e n c e  was not  
a s s o c i a t e d  w i t h  f l a v o u r  d i f f e r e n c e  as a s s e s s e d  by t r i a n g l e  t e s t s .
S i m i l a r l y  a s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  d i f f e r e n c e  was not  
a s s o c i a t e d  w i t h  p r e f e r e n c e  f o r  e i t h e r  sa mp l e .  T h e r e  wer e  t h u s  no 
d e m o n s t r a b l e  d i f f e r e n c e s  between f l a v o u r  or  aroma f r om t h i s  b a t c h  of  
g r a s s  and r ape f ed  sheep r e a r e d  on ESCA f a r m s .  Lambs wer e  s e l e c t e d  
as f a r  as p o s s i b l e  f o r  u n i f o r m i t y .  F e e d i n g  r e g i me s  wer e  r e c o r d e d  and 
c o n t r o l l e d .  S l a u g h t e r ,  f r o z e n  s t o r a g e ,  t h a w i n g  and c o o k i n g  p r o c e d u r e s  
wer e  s t a n d a r d i s e d  t h r o u g h o u t .  T h e  l a t t e r  f o l l o w e d  c o n v e n t i o n a l  
t e c h n i q u e s  as p r a c t i s e d  i n t h e  U n i t e d  Ki ngdom f o r  t h e s e  c u t s  o f  meat .
T hu s  i n t h e s e  t r i a l s  t h e  f i n d i n g s  of  Par k e t  a l  (1972b) were n o t  c o n f i r m e d .
Because of  the e x p e r i e n c e  o f  t h e s e  w o r k e r s  i n  r e c o r d i n g  f l a v o u r  
d e f e c t s  i n lamb sampl es i t  was c o n s i d e r e d  t h a t  t h e  Gr a s s  v e r s u s  Rape 
t r i a l s  s h o u l d  be r e p e a t e d .  T h a t  t h e s e  f i n d i n g s  c o u l d  n o t  be c o n f i r m e d  
c o u l d  be caused by any or  a c o m b i n a t i o n  of  any o f  t he f o l l o w i n g :
1. T a s t e r s  l a c ke d  t h e  n e c e s s a r y  e x p e r i e n c e ,  e x p e r t i s e  and a p t i t u d e  
f o r  d e t e c t i n g  d i f f e r e n c e s  by the use of  t r i a n g l e  t e s t s .
2.  T h a t  t h e r e  was l i t t l e  or  no d e t e c t a b l e  d i f f e r e n c e  between g r a s s  
and r ape f ed lambs i n t h e s e  t r i a l s .
3 . /
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3. I t  may n ot  be p o s s i b l e  t o  t r a n s f e r  f i n d i n g s  of  w o r k e r s  o u t s i d e  t he
U n i t e d  Ki ngdom i n t h a t :
( i )  Br eeds o f  sheep d i f f e r
( i i )  H u s b a n d r y / S l a u g h t e r  p r a c t i c e s  d i f f e r
( i i i )  F o r a g e  c r o p s  -  a l t h o u g h  o f  t he  same v a r i e t y  and c u l t i v a r  
-  may d i f f e r  a c c o r d i n g  t o  l o c a l i t y  as a r e s u l t  o f  
v a r i a t i o n  i n c l i m a t i c  and s o i l  c o n d i t i o n s
( i v )  D i f f e r e n t  c o o k i n g  p r o c e d u r e s  wer e  used
( v )  S u b j e c t s  wer e  n ot  r e q u e s t e d  -  as i n  t h e s e  t r i a l s  -  t o
make o n l y  a h e d o n i c  s c a l e  r a t i n g .  V e r b a l  ' c l u e s '  were
a l s o  s u p p l i e d  in o t h e r  t r i a l s  ( P a r k  e t  a l  1972a)
( v i )  Su b seq ue n t  q u a l i f i c a t i o n s  by t h e s e  w o r k e r s .  ( C h a p t e r  9.  
De v e l o p me n t s  i n  Meat  S c i e n c e ,  V o l . l .  Ed.  R A L a w r i e  1980 
Ac a d e mi c  P r e s s )
( v i i )  MR I An n u a l  R e p o r t  of  1974 ( a non)  in w h i c h  d i f f e r e n c e s  
bet ween g r a s s  and rape f ed a n i m a l s  c o u l d  not  be
c o n f  i r m e d ) .
I t  i s  t h us  c o n c l u d e d  t h a t  e i t h e r  no d e t e c t a b l e  d i f f e r e n c e s  e x i s t e d  
between sampl es o r  t h a t  t a s t e r s  we r e  n o t  p e r f o r m i n g  a d e q u a t e l y .
A l t h o u g h  t a s t e r s  wer e  i n e x p e r i e n c e d ,  t h e y  app e ar e d  t o  be w e l l  m o t i v a t e d  
and e a g e r  t o  p a r t i c i p a t e  i n  t h e  t r i a l s .  T wo e x p e r i m e n t s  wer e t h e r e f o r e  
d e v i s e d  t o  f o l l o w  t h e s e  t r i a l s .  In t h e  f i r s t ,  two h i g h l y  t r a i n e d  and 
e x p e r i e n c e d  t a s t e r s  wo u l d  c a r r y  out  a F l a v o u r  P r o f i l e  A n a l y s i s  on g i g o t s  
and l o i n s  f rom two r ape f ed sampl es  and one g r a s s  f ed  sa mp l e .  Shoul d  
v a r i a t i o n  between t h e  two r ape f ed sampl es e q u a t e  w i t h  t h a t  o f  t h e  g r a s s  
f ed s a mp l e ,  i t  w o u l d  seem u n l i k e l y  t h a t  d i f f e r e n c e s  woul d  be d e t e c t e d  
by t he  use of  t r i a n g l e  and p a i r e d  c o mp a r i s o n  t e s t s  w i t h  i n e x p e r i e n c e d  
t a s t e r s .  T h e  r e s u l t s  o f  t h e s e  t e s t i n g  p r o c e d u r e s  a r e  c o n s i d e r e d  in 
C h a p t e r  8 ( T h e s e  r e s u l t s  s u g g e s t  t h a t  i t  was u n l i k e l y  t h a t  d i f f e r e n c e s  
c o u I d /
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c o u l d  be d e t e c t e d  between t h e  two f e e d i n g  r e g i me s  and t h a t  t h e  r e s u l t s  
o f  t h e  p r e s e n t  s e r i e s  of  t r i a l s  c o u l d  o n l y  have been e x p e c t e d ) .  J o i n t s  
f r o m t he  same g r a s s  and r ape f ed sampl es  wer e  used.
In a d d i t i o n ,  t a s t e r s '  p e r f o r m a n c e  i n t e s t i n g  p r o c e d u r e s  wou l d  be 
a s s e s s e d  by the use o f  t wo v e r y  d i f f e r e n t  me a t s .  As w e l l  as a s s e s s i n g  
t h e i r  p e r f o r m a n c e ,  t a s t e r s  wou l d  be l i k e l y  t o  be e n c o u r a g e d  by g r e a t e r  
s u c c e s s  i n d e t e c t i n g  d i f f e r e n c e s .  T h e  r e s u l t s  of  t h i s  s e r i e s  of  
e x p e r i m e n t s  i s  p r e s e n t e d  i n C h a p t e r  7.
T h u s  i n r e p e a t i n g  G r a s s  v e r s u s  Rape T r i a l s  combi ned w i t h  a s s e s s i n g  
t a s t e r s '  a c u i t y  i t  was c o n s i d e r e d  t h a t  v a l i d  e s t i m a t i o n s  of  any 
d i f f e r e n c e s  i n e a t i n g  q u a l i t y  o f  g r a s s  and r ape f ed  sampl es  c o u l d  be 
c o n f i r m e d  o r  r e f u t e d .  T he  o n l y  r e s e r v a t i o n  c o n c e r n i n g  such e x p e r i m e n t s  
i s  t h a t  t h e  number  o f  c a r c a s s e s  sampl ed was i n e v i t a b l y  s m a l l .
In t h e s e  G r a s s  v e r s u s  Rape T r i a l s ,  one g r a s s  f ed g i g o t  was compared 
w i t h  one rape f ed g i g o t .  T o  p r o v i d e  enough meat f o r  t a s t e r s ,  i t  was 
n e c e s s a r y  t o  pool  sampl es f r om two l o i n s .  T h i s  was j u s t i f i e d  on t he 
a s s u m p t i o n  t h a t  f l a v o u r  d i f f e r e n c e s  between f e e d i n g  r e g i me s  wou l d  be 
g r e a t e r  t han d i f f e r e n c e s  w i t h i n  t he  same r e g i me .  In t r i a l s  d e s c r i b e d  
in C h a p t e r  9 ,  because of  t h e  g r e a t e r  numbers of  t a s t e r s  e x p e c t e d ,  two 
g i g o t s  and f o u r  l o i n s  f rom each f e e d i n g  regi me wer e p o o l e d .
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Summary -  A s s e s s i n g  T a s t e r s '  P e r f o r ma n c e
F o l l o w i n g  t h e  same p r o c e d u r e s  as in t h e  f i r s t  s e r i e s  o f  g r a s s  
v e r s u s  r ape t r r a l s ,  May s l a u g h t e r e d  b a r l e y / p r o t e i n  s u p p l e me n t  f ed 
f e m a l e s  r e a r e d  i n d o o r s  wer e compared w i t h  t u r n i p  f ed  w e t h e r s  
s l a u g h t e r e d  t he  p r e v i o u s  F e b r u a r y .  S t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  were d e m o n s t r a t e d  bet ween s a mp l e s .  T h e  m a j o r i t y  of  
t a s t e r s  ar e  c o n s i s t e n t  in t h e i r  p r e f e r e n c e  w i t h  B ( t h e  t u r n i p  fed 
w e t h e r s )  b e i n g  t he p r e f e r r e d  sa mp l e .  S t a t i s t i c a l l y  s i g n i f i c a n t  
f l a v o u r  d i f f e r e n c e s  wer e d e m o n s t r a t e d  by t r i a n g l e  t e s t s .  D i f f e r e n c e s  
in aroma wer e a l s o  e s t a b l i s h e d  w i t h  such d i f f e r e n c e s  b e i n g  more r e a d i l y  
d e t e c t e d  in raw s a mp l e s .  I t  can be c o n c l u d e d  t h a t  such t e s t s  can be 
used t o  d e m o n s t r a t e d  d i f f e r e n c e s  between sampl es and as a b a s i s  f o r  
a s s e s s i n g  p r e f e r e n c e .
E s t a b l i s h i n g  T a s t e r s '  D i s c r i m i n a t i o n  and C o n s i s t e n c y  o f  J udg e me nt s
W h i l s t  i t  had a l r e a d y  been d e c i d e d  t o  r e p e a t  t h e  g r a s s  v e r s u s  rape 
t r i a l s ,  i t  was c o n s i d e r e d  i m p o r t a n t  t o  check t a s t e r s '  d i s c r i m i n a t o r y  
a b i l i t y  and t h e i r  c o n s i s t e n c y  in r e p l i c a t e d  t r i a l s .  T h u s  a c o mp a r i s o n  
o f  sampl es  l i k e l y  t o  show c o n s i d e r a b l e  d i f f e r e n c e s  was made u s i n g  t he  
same e x p e r i m e n t a l  d e s i g n  and p r o c e d u r e s  as in t he  g r a s s  v e r s u s  r ape 
t r i a l s .  ' S p r i n g '  lambs f r om f e ma l e s  f ed  b a r l e y  w i t h  a p r o t e i n  
s u p p l e me n t s  (A s a mp l e s )  s l a u g h t e r e d  in May were compared w i t h  j o i n t s  
f rom much o l d e r  t u r n i p  f ed  w e t h e r s  s l a u g h t e r e d  t he  p r e v i o u s  F e b r u a r y  
(B s a m p l e s ) .  T h e  A sampl es were S u f f o l k  x D o r s e t / F i n n  f e m a l e s ,  bor n 
a t  t he  b e g i n n i n g  o f  J a n u a r y  and housed t h r o u g h o u t  t h e i r  l i v e s .  T h e y  
were weaned i n March and f r om t hen u n t i l  s l a u g h t e r  on At h May 1978 were 
f ed  on a whol e  b a r l e y / p r o t e i n  p e l l e t  mi x  and a sma l l  s u p p l e me n t  o f  hay.  
T h e y /
CHAPTER 7
T h e y  wer e t hus  f o u r  mont hs o f  age a t  t he  t i me  of  s l a u g h t e r .
T h e  B ( t u r n i p  f e d )  sampl es wer e B l a c k f a c e  w e t h e r s  born in A p r i l /
May 1977 w h i c h  had been k e p t  on t h e  h i l l  u n t i l  A u g u s t .  A f t e r  w e a n i n g ,  
t h e y  wer e g r a z e d  on l o w l a n d  g r a s s  f i e l d s  u n t i l  5 t h  December  when 
y e l l o w  t u r n i p s  wer e used as f o d d e r .  Whole b a r l e y  was i n t r o d u c e d  and 
g r a d u a l l y  i n c r e a s e d  so t h a t ,  a t  s l a u g h t e r  t h e y  were e a t i n g  3 5 0 g / d a y .
T h e y  were s l a u g h t e r e d  on l A t h  F e b r u a r y  1978 a t  a p p r o x i m a t e l y  ten 
mont hs o f  age.
T h u s  f e e d i n g  r e g i me  was n o t  t he  o n l y  v a r i a b l e .  T he  y o u n g e r  
a n i m a l s  wer e f e ma l e s  of  a d i f f e r e n t  br eed w h i c h  had remai ned i n d o o r s  
t h r o u g h o u t  wher e a s  t h e  o l d e r  a n i m a l s  wer e B l a c k f a c e  w e t h e r s  r e a r e d  
o u t d o o r s  on t u r n i p s  and wh ol e  b a r l e y .  Samples c o u l d  t h us  be e x p e c t e d  
t o  be v e r y  d i f f e r e n t .  T r i a l s  wer e  s t a r t e d  in J u n e  1978.  Howe v e r ,  
t h a t  s i r e  o r  br eed and r e a r i n g  p r a c t i c e s  e x e r t  l i t t l e  e f f e c t  on e a t i n g  
q u a l i t y  of  lamb i s  i n d i c a t e d  by D r a n s f i e l d  e t  a l  ( 1 97 9 )  and Rhodes ( 1 9 7 1 ) .
T h e  appearance of  t he  raw meats -  bot h  t h e  c o l o u r  o f  t h e  mu s c l e  and
of  t h e  f a t  -  showed marked d i f f e r e n c e s .  T he  meats f r om t he  y o u n g e r
lambs was l i g h t e r  i n c o l o u r ,  l e s s  f a t t y  and j u i c i e r  in a p p e a r a n c e .
T h e s e  o b s e r v a t i o n s  a r e  n o t  however  o f  i m p o r t a n c e  as f a r  as t a s t e r s  ar e  
c o n c e r n e d  in t h a t  t h e i r  j u d g e m e n t s  a r e  made on cooked sampl es  p r e s e n t e d  
u n i f o r m l y  as i n d i c a t e d  in C h a p t e r  A.  A f t e r  c o o k i n g ,  p r e p a r a t i o n  o f  
sampl es o f  u n i f o r m  a p p e a r a n c e  was made d i f f i c u l t  i n t h a t :
1. The  age o f  t h e  a n i mal  a t  s l a u g h t e r  a f f e c t s  t h e  t e m p e r a t u r e  o f  the 
c o l o u r  change in me a t s .  Hence t h e  e x t e n t  of  c o l o u r  change a t  
c o n s t a n t  i n t e r n a l  t e m p e r a t u r e s  was s l i g h t l y  l e s s  in j o i n t s  f rom 
y o u n g e r  a n i m a l s .
2.  As a r e s u l t  of  l ower  m y o g l o b i n  c o n c e n t r a t i o n ,  meat  f r om y o u n g e r
a n i m a l s  was l i g h t e r  in c o l o u r .
Wh i 1 s t /
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W h i l s t  such c o l o u r  d i f f e r e n c e s  wer e  u n l i k e l y  t o  a f f e c t  a sse ssme nt  of  
aroma in t r i a n g l e  t e s t s ,  i d e n t i f i c a t i o n  o f  t he  odd s a m p l e s ,  d e s p i t e  
random p o s i t i o n i n g ,  was r e l a t i v e l y  e a s y  in t he t r i a n g l e  t e s t s  f o r  
f l a v o u r .  Howe v e r ,  p e r h a p s  t h e  e x p e r i m e n t e r  was more aware o f  t he  
p r o b l e m than t he  t a s t e r s .  T a s t e r s  wer e e a g e r  t o  c a r r y  o u t  t e s t s  
w i t h  c a r e  and a c c u r a c y .  Because t h e y  wer e i n e x p e r i e n c e d ,  t h e y  were 
p r o b a b l y  more l i k e l y  t o  f o l l o w  i n s t r u c t i o n s  e x a c t l y .  T h e y  wer e 
r e q u e s t e d  t o  c a r r y  out  p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  and 
t r i a n g l e  t e s t s  o n l y  on t h e  b a s i s  of  f l a v o u r .  Some m i g h t  have been 
t empt ed t o  use c o l o u r  d i f f e r e n c e  t o  a s s i s t  them t o  i d e n t i f y  t h e  odd 
sampl e in the t r i a n g l e  t e s t s  and c o l o u r  d i f f e r e n c e s  c o u l d  a f f e c t  a l s o  
j u d g e m e n t s  i n p r e f e r e n c e  t e s t s .  N e v e r t h e l e s s  i n t he  ESCA/QMC 
s t u d e n t  t r i a l s  d e s c r i b e d f t h r e e  of  t he  17 s u b j e c t s  p e r f o r m e d  p o o r l y  in 
t h e  t r i a n g l e  t e s t s  b u t  wer e c o n s i s t e n t  in t h e i r  p r e f e r e n c e .
E a r l i e r  t e s t s  were c a r r i e d  ou t  in d a y l i g h t .  I t  was a t  t h i s  
s t a g e  c o n s i d e r e d  a s e r i o u s  d i s a d v a n t a g e  t h a t  t h e r e  was no a c c e s s  t o  
a s e n s o r y  a p p r a i s a l  room w i t h  c o l o u r e d  l i g h t i n g  f a c i l i t i e s  w h i c h  m i g h t  
have masked d i f f e r e n c e s  in c o l o u r .  More c o mp l e t e  a t t e n t i o n  t o  f l a v o u r  
p r e f e r e n c e s  and i d e n t i f i c a t i o n  o f  t h e  odd sampl es w i t h o u t  d i s t r a c t i o n  
m i g h t  have been g i v e n .  In t h e s e  e a r l i e r  e x p e r i m e n t s ,  r e s u l t s  i n d i c a t e d  
t h a t  t a s t e r s  showed bot h  d i s c r i m i n a t o r y  a b i l i t y  and c o n s i s t e n c y  in 
j u d g e m e n t s .  T h e s e  r e s u l t s  c o u l d  p e r h a p s  have been v i ewed w i t h  g r e a t e r  
c o n f i d e n c e  a t  t he  t i me had s p e c i a l i s t  accommodat i on been u s ed.  A p a r t  
f rom t h e  f i n a l  ESCA t r i a l ,  t h e  s e r i e s  o f  t e s t s  was c o mp l e t e d  by a 
g r o u p  u s i n g  a p u r p o s e - b u i l t  s e n s o r y  a p p r a i s a l  room w i t h  t he f a c i l i t y  
f o r  i n d i v i d u a l  t a s t e r s  t o  be i s o l a t e d  -  and hence unaware of  o t h e r s '  
r e s p o n s e s  -  and c o l o u r e d  l i g h t i n g  t o  be u s ed .  A l t h o u g h  some i m p r o v e ­
ment  was n o t e d ,  c o l o u r e d  l i g h t i n g  c o u l d  n ot  c o m p l e t e l y  d i s g u i s e  
d i f f e r e n c e s /
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d i f f e r e n c e s  in d e p t h  of  p i g m e n t a t i o n .  T h e s e  r e s u l t s  were o b t a i n e d  
i n November  1978.
In d e t e r m i n i n g  o p t i m a l  i n t e r n a l  t e m p e r a t u r e ,  j o i n t s  wer e cooked 
t o  70°C,  75°C,  80°C and 85°C.  D i f f e r e n c e s  i n a p p e a r a n c e  w h i c h  wer e 
i n e v i t a b l e  c o u l d  have i n f l u e n c e d  j u d g e m e n t s  on t h e  h e d o n i c  r a t i n g  
s c a l e s .  I t  was t h u s  o n l y  i n  t he  g r a s s  v e r s u s  r ape t r i a l s  ( C h a p t e r  
6 )  t h a t  t h e  a p p e a r a n c e  of  sampl es  had been u n i f o r m  i n a l l  t he  s t u d i e s  
so f a r  r e p o r t e d .
R e s u l t s  o f  the T e s t i n g  P r o c e d u r e
T h e  f i r s t  of  t h e  t r i a l s  was made in J u n e  1978.  I n i t i a l l y  t h e  
g r o u p e d  d a t a  was a s s e s s e d  f o r  p a i r e d  c o m p a r i s o n s ,  f o r  t r i a n g l e  t e s t s  
of  f l a v o u r  and aroma of  raw and cooked me a t s .  T h i s  i m p l i e s  ( H a r r i e s  
& Smi t h  1982)  t h a t  t he  p r o b a b i l i t y  o f  a c o r r e c t  i d e n t i f i c a t i o n  i n t he  
t r i a n g l e  t e s t  is t h e  same f o r  a l l  s u b j e c t s  and i s  i n d e p e n d e n t  f rom 
t r i a l  t o  t r i a l .  O n l y  when t h e r e  is no d i s c r i m i n a t i o n  i s  i t  t r u e  
t h a t  u s i n g  one t a s t e r  n t i me s  i s  t h e  same as u s i n g  n t a s t e r s  once.
As t he  l i m i t s  o f  d i s c r i m i n a t i o n  a r e  r e a c h e d  i . e .  when t he  m a g n i t u d e  
of  d i f f e r e n c e  between sampl es  i s  s m a l l ,  d i f f e r e n c e s  in t h e  a c u i t y  
and d i s c r i m i n a t o r y  a b i l i t y  o f  panel  members w i l l  become e v i d e n t  as 
w e l l  as f o r  an i n d i v i d u a l  p a n e l  member.  In t h i s  s e r i e s  o f  t r i a l s  i t  
was presumed t h a t  t h e  m a j o r i t y  of  t a s t e r s  s h o u l d  d e m o n s t r a t e  a c u i t y .  
R e s u l t s  a r e  p r e s e n t e d  in the t a b l e s  wh i c h  f o l l o w .
T a b l e  7.  1 R e s u l t s  o f  G i g o t  ( LHS)  Samples in P a i r e d  Comp a r i s on
( P r e f e r e n c e )  and T r i a n g l e  T e s t s  -  Gr ouped Data
T a b l e  7 . 1  R e s u l t s  o f  G i g o t  ( LHS)  Sampl es in P a i r e d  C o mp a r i s on
( P r e f e r e n c e )  and T r i a n g l e  T e s t s  -  Gr ouped Dat a 
T r i a l  P a i r e d  C o mp a r i s o n s  T r i a n g l e  T e s t s  ( F l a v o u r )
A p r e f e r r e d B p r e f e r r e d N C o r r e c t N
1 15 b5 60 29 30
2 25 5b 79 25 40
3 2b bO 64 18 32
4 15 17 32 8 16
T o t a  1s 79 156 235 80 118
% 3 3 . 6 66.  b 6 7 . 8
V a l u e s 2b. bl 6 1 . 5 3
0 0
P
T a b l e  7 . 2 Resu I t s of  T r i  a n g le T e s t s ( Aroma)  -  G i g o t s
T r i a l Raw Cooked
Cor  r e c t H C o r r e c t N
1 21 45 16 45 *
2 32 60 29 60
3 23 48 17 48
4 15 24 8 24 *
T o t a  1s 91 177 70 177
% 5 1 . 4 3 9 . 5 5
v a l u e s 2 5 . 2 3 2 2 . 2
P 0
p < 0 . 0 4 6
" N o t e  t h e s e  r e s u l t s a r e  a p p r o x i m a t e l y  t h o s e wh i ch '
have been ach i eved by c ha nc e a 1 on e , i . e .  1 i n 3 of
odd sampl es woul d  be e x p e c t e d  t o  be i d e n t i f i e d .
T a b l e  7 - 3  R e s u l t s  of  L o i n s  ( LHS)  Sampl es in P a i r e d  C o mp a r i s on
( P r e f e r e n c e )  and T r i a n g l e  T e s t s  
T r i a l  Pa i red Compar i s o ns  T r i a n g l e  T e s t s  ( F l a v o u r )
A p r e f e r r e d B p r e f e r r e d N C o r r e c t N
5 7 17 24 16 24
6 12 12 24 22 24
T o t a l s  19 29 48 38 48
% 3 9 . 6 60.  4 7 9 . 2
X^ v a l u e s 1. 69 4 3 . 3 3
p<0.  19** NS p<0. 001
122.
T a b l e  7 . 4  R e s u l t s  of  T r i a n g l e  T e s t s  ( Ar oma)  L o i n s
T r i a l
5
6
T o t a l s
%
v a l u e s
Raw























•' Despi te t h i s  s ma l l  d i s p a r i t y ,  t h i s  number of  
c o r r e c t  i d e n t i f i c a t i o n s  is l e s s  t han 33^/3%.
T h e r e  wer e  however  o n l y  s i x  p a r t i c i p a n t s .
T h e  r e s u l t s  o f  t h e s e  combi ned t o t a l s  s h o u l d  be compared w i t h  t h o s e  
o f  G r a s s  v e r s u s  Rape 1 wher e  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
wer e  d e m o n s t r a t e d .
When r e s u l t s  o f  the i n d i v i d u a l  t r i a l s  a r e  s e p a r a t e d ,  t he 
f i n d i n g s  a r e  i n d i c a t e d  be l ow.
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T h e  a c t u a l  p r o b a b i l i t i e s  wer e  c a l c u l a t e d  f o r  each t e s t  u s i n g  t he
2
z s t a t i s t i c .  I t  s h o u l d  however  be n ot e d  t h a t  t h e  v a l u e s  of  x 
n o t e d  t o o k  i n t o  a c c o u n t  t he f r e q u e n c y  w i t h  w h i c h  s u b j e c t s  p r e f e r r e d  
a p a r t i c u l a r  sampl e or  i d e n t i f i e d  t h e  odd sampl e c o r r e c t l y  in t r i a n g l e  
t e s t s .  R e s u l t s  f o r  t r i a l s  5 and 6 i n p a r t i c u l a r  wher e  t h e r e  wer e 
o n l y  s i x  p a r t i c i p a n t s  ( a l t h o u g h  in o t h e r  l a b o r a t o r i e s  panel  s i z e s  o f  
t h i s  o r d e r  a r e  c o n s i d e r e d  a c c e p t a b l e  and t a s t e r s  w e r e ,  by t h a t  s t a g e ,  
becomi ng e x p e r i e n c e d ) , s h o u 1d t h u s  be v i e w e d  w i t h  c a u t i o n .
F or  i n t e r e s t ,  combi ned f i g u r e s  f o r  g i g o t s  and l o i n s  a r e  shown in 
T a b l e  7 . 9 .  R e s u l t s  w h i c h  a l s o  i n c l u d e  t he r e s u l t s  o f  t h e  ESCA/QMC 
e x p e r i m e n t a l  s e s s i o n  a r e  a l s o  shown.  S i n c e  f i g u r e s  f o r  p r e f e r e n c e s  
and c o r r e c t  i d e n t i f i c a t i o n  a r e  a l r e a d y  t a b u l a t e d  f o r  i n d i v i d u a l  t r i a l s ,  
f o r  g r o u p e d  d a t a  on g i g o t s  and l o i n s  and f o r  the e x p e r i m e n t  m e n t i o n e d  
in t h e  p r e v i o u s  p a r a g r a p h  t h e y  have been o m i t t e d  i n the t a b l e  wh i c h  
f o l l o w s .
T h e s e  r e s u l t s  wer e a c h i e v e d  by u s i n g  60 t a s t e r s .  Of t he  6 0 ,
18 t ook p a r t  on two o c c a s i o n s ,  two on t h r e e  and two on f o u r  o c c a s i o n s .
One s u b j e c t  in t h e  l a t t e r  c a t e g o r y  p e r f o r m e d  w i t h  r e m a r k a b l e
c o n s i s t e n c y  in t h e  f o u r  s e s s i o n s ,  p a r t i c u a r l y  in t r i a n g l e  t e s t s .  On
o n l y  one o c c a s i o n  was A p r e f e r r e d  by t h i s  s u b j e c t .  T h e  o t h e r  p e r f o r me d
w e l l  in t r i a n g l e  t e s t s  but  was i n c o n s i s t e n t  i n p a i r e d  c o m p a r i s o n s .  I t
i s a m a t t e r  of  r e g r e t  t h a t  f u r t h e r  s t u d i e s  of  t h i s  t y p e  were n o t  p o s s i b l e .
T a b l e  7 - 9  P r o b a b i l i t y  V a l u e s  in P a i r e d  C o mp a r i s on  and T r i a n g l e  T e s t s
Pai  r ed Compari  sons T r  i a n g l e s  F 1a v o u r  A r o m a ( R ) A r o m a ( C )
G i g o t s  0 0 0 0 . 0 ^ 7
L o i n s  * 0.19*» 0 0 . 2 1 8  0. 011
G i g o t s  & L o i n s  0 0  0 0 . 0 0 6
A 11 samp l es 0 0 0 0
wher e  R = raw C = cooked sampl es
- S e e  p r e v i o u s  comment on t h i s  d a t a  f o l l o w i n g  T a b l e  7 . 8 .  As i n d i c a t e d
p r e v i o u s l y ,  t he  a c t u a l  p r o b a b i l i t i e s  wer e o b t a i n e d  by c a l c u l a t i n g  the
z s t a t  i s t  i c .
125.
When t h e  d a t a  i s  g r o u p e d  in t h i s  wa y ,  c o m b i n i n g  t h e  r e s u l t s  of  
g i g o t s  and l o i n s  s u g g e s t s  t h a t  t he  p r o b a b i l i t y  o f  a c h i e v i n g  them by 
chance i s  v i r t u a l l y  n i l  i n  r e l a t i o n  t o  t he  p a i r e d  c o mp a r i s o n  p r e f e r e n c e  
t e s t s .  C l e a r l y ,  s u b j e c t s  a p p e ar e d  t o  f i n d  l i t t l e  d i f f i c u l t y  in 
i d e n t i f y i n g  t h e  odd sampl e i n t h e  t r i a n g l e  t e s t s  on t h e  b a s i s  of  
f l a v o u r  and showed t h e  a b i l i t y  t o  do so.  T h e  p r o p o r t i o n  of  c o r r e c t  
i d e n t i f i c a t i o n s  i s  e x t r e m e l y  h i g h .
I t  w i l l  be n o t e d  f r om t h e  speci men p r i n t - o u t  ( A p p e n d i x  T a b l e  6 . 2 )  
t h a t  the a c t u a l  and e x p e c t e d  f r e q u e n c y  o f  r e s p o n s e s  i s  a v a i l a b l e .  The 
K o l g o m o r o v - S m i r n o v  T e s t  was used t o  d e t e r m i n e  i f  t h e  a c t u a l  s c o r e s  wer e 
b i n o m i a l l y  d i s t r i b u t e d .  T h e  c r i t i c a l  v a l u e s  f o r  D a r e  i n d i c a t e d  in 
T a b l e  7 . 1 0 .  Comput er  f i l e s  TAG t o  T A L  c o r r e s p o n d  t o  t r i a l s  1-6 
d e s c r i b e d  e a r l i e r  i n t h i s  c h a p t e r .  T h e  c o r r e s p o n d i n g  f i g u r e s  f o r  t he 
ESCA/QMC t r i a l s  y e t  t o  be d e s c r i b e d  a r e  i n c l u d e d  f o r  p u r p o s e s  o f  c o m p a r i s o n .
I t  w i l l  be not e d  t h a t  i n o n l y  t wo of  t he  p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  
t e s t s  does t he  maximum d e v i a t i o n  ( D)  i n d i c a t e  t h a t  r e s u l t s  a r e  n o t  
d i s t r i b u t e d  b i n o m i a l l y .
T a b l e  7 . 1 0  A c u i t y  T e s t s :  K o l m o g o r o v - S m i r n o v  T e s t  -  C r i t i c a l  v a l u e s  
o f  D f o r  T A*
126.
F i l e  T A* N PC (P) A F A  AR a AC
G 15 . 40 7 . 8 2 7 . 27 3 . 160
.i. j- NS NS
H 20 . 34 0 . 29 5 . 34 0 . 240
* * J- NS
1 16 . 188 . 26 3 . 30 0 .088
NS NS NS NS
J 8 . 188 . 32 5 . 5 0 0 . 100
NS NS * NS
K 6 . 36 7 . 5 6 7 . 2 5 0 . 417
NS * NS NS
L 6 . 117 . 90 0 . 30 0 . 417
NS * * NS NS
T 3 Q 17 . 123 . 5 9 4 - -
Where/
Where PC ( P ) = p a i r e d  c o m p a r i s o n s  ( p r e f e r e n c e )  and 
F ,  AR and AC a r e  t r i a n g l e  t e s t s  f o r  f l a v o u r ,  aroma 
raw and aroma cooked o f  sampl es r e s p e c t i v e l y  
* = P < 0 . 0 5  ** p <0 . 0 1
NS = n o t  s i g n i f i c a n t  
In f o u r  of  t he  seven t r i a n g l e  t e s t s  f o r  f l a v o u r  r e s u l t s  a r e  n o t  
b i n o m i a l l y  d i s t r i b u t e d  as a r e  t wo o f  t h e  s i x  t r i a n g l e  t e s t s  f o r  the 
aroma of  t h e  raw s a mp l e s .  T h e  f i r s t  two t r i a l s  wer e  c a r r i e d  out  a t  
QMC wh er e  p a r t i c i p a n t s  had more e x p e r i e n c e  of  t h e  t e s t i n g  p r o c e d u r e s  
w h i c h  c o u l d  have i n f l u e n c e d  r e s u l t s .  I t  was n e c e s s a r y  t o  use 
c r i t i c a l  v a l u e s  of  D f o r  a t w o - t a i l e d  t e s t  s i n c e  v a l u e s  f o r  o n e ­
t a i l e d  t e s t s  a r e  n e i t h e r  a v a i l a b l e  or  a p p r o p r i a t e  t o  t h i s  
s t a t i s t i c .
T h e  Wi 1coxon M a t c h - P a i r s  S i g n e d - R a n k s  T e s t  was c a r r i e d  o u t  on 
t h e  r e s u l t s  o f  t h e  t r i a n g l e  t e s t s  o f  t h e  raw and cooked aroma of  
s a mp l e s .  F o l l o w i n g  t h e  p r e v i o u s  e x p e r i m e n t a l  s t u d i e s  w i t h  p o r k ,  
i t  was h y p o t h e s i s e d  t h a t  i d e n t i f i c a t i o n  of  t he odd sampl e of  t he  
t h r e e  wou l d  be more e a s i l y  a c c o m p l i s h e d  in raw s a mp l e s .  T h e
i n f o r m a t i o n  on t h e s e  c o m p a r i s o n s  i s  p r e s e n t e d  in T a b l e  7 . 1 1 .
T a b l e  7 . 1 1 /
127.
128.
T a b l e  7.11 W i I c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k s  T e s t s
le T A N DS T + — -<+ Pr obab
G 15 11 2 0 . 5 4 5 . 5 2 0 . 5 No NS
H 20 15 4 7 . 5 7 2 . 5 4 7 . 5 No NS
I 16 10 14. 5 4 0 . 5 14. 5 No NS
J 8 6 5 15 5 Yes NS
K 6 5 2 . 5 2 . 5 12. 5 Yes NS
L 6 A 3 3 7 Yes NS
Where N = number  o f  p a r t i c i p a n t s
DS = t o t a l  number  o f  v a l u e s  w i t h  a d i f f e r e n t  s i g n  
T  ■ s m a l l e r  o f  t h e  sums of  l i k e  s i g n e d  r anks 
T h u s  f o r  a l l  g i g o t  sampl es t h e r e  was no d i f f e r e n c e  i n p e r f o r m a n c e  when
raw o r  cooked sampl es  wer e a s s e s s e d .  T a s t e r s  showed no g r e a t e r
d i s c r i m i n a t o r y  power  in t r i a n g l e  t e s t s  when t h e  aroma o f  sampl es  was
a s s e s s e d  b e f o r e  c o o k i n g .  T h e  e x p e r i m e n t e r ' s  h y p o t h e s i s  was t h u s  
r e j e c t e d .
S i n c e  p r e f e r e n c e  f o r  B i s  d e m o n s t r a t e d ,  r e s u l t s  wer e t a b u l a t e d
in T a b l e  7 . 1 2 .  In T a b l e  7 . 1 3  w h i c h  f o l l o w s  p r e f e r e n c e  f o r  B i s  l i n k e d  
t o  s u b j e c t s '  p e r f o r m a n c e  i n t r i a n g l e  t e s t s  ( f l a v o u r ) .
T a b l e  7 . 1 2  S u b j e c t s '  P r e f e r e n c e  f o r  Sampl e B
F i l e  TA- -  i l l  H  2JB j_B Ni 1 B T o t a l  
G 7 3 3 2 0  15
H 5 8 3 4 0 20
I 3 5 5 3 0 16
J 2 1 2  2 1 8
K 2 2 1 1 0  6
Subj  e c t /
L 1 1 2  1 1  6
129.
S u b j e c t s  p r e f e r r e d  B on 4,  3,  2 ,  1 o r  z e r o  o c c a s i o n s  on each o f  t he  
4 p r e s e n t a t i o n s .  Col umn 2B i s  i g n o r e d  i n t h a t  p r e f e r e n c e  a p p e a r s  t o  
be r andom.  O n l y  15 p a r t i c i p a n t s  p r e f e r r e d  A on e i t h e r  t h r e e  o r  f o u r  
o c c a s i o n s  wher e a s  40 p r e f e r r e d  B on t h r e e  o r  f o u r  o c c a s i o n s .  T h e  
p e r f o r m a n c e  o f  t he  40 who p r e f e r r e d  B i n t he  t r i a n g l e  t e s t s  is 
i n d i c a t e d  in T a b l e  7 . 1 3  b e l o w.
T a b l e  7 . 1 3  L i n k i n g  S u b j e c t s '  P r e f e r e n c e  w i t h  P e r f o r m a n c e  in
T r i a n g l e  T e s t s  T A*
2_ J_  NjJ_ 2_ J_  N_M_
4B 7 0 0 1 3 1
3B 2 1 0 3 3 2
1  _H
4B 2 1 0 1 1 0
3B 2 1 2 0 1 0
1  1
l _ 3 _ j L l _ O i l _ i _ 2 _ l _ i L
4B 0 0 1 1 0 1  0
3B 0 2 0 0 0 1 0
K _L
I t  w i l l  be n o t e d  t h a t  f o r  l o i n  sampl es t h e  number  of  t r i a n g l e  t e s t  
p r e s e n t a t i o n s  was i n c r e a s e d  t o  f o u r .  I f  p e r f o r m a n c e  i n t r i a n g l e  
t e s t s  is g o o d ,  t h i s  s u g g e s t s  t h a t  p r e f e r e n c e  may have a r a t i o n a l  
b a s i s .  I f  i t  i s  c o n s i d e r e d  t h a t  some a p t i t u d e  i s  d e m o n s t r a t e d  by 
c o r r e c t  j u d g e m e n t  on at  l e a s t  50 per  c e n t  of  o c c a s i o n s  t he  m a j o r i t y  
o f  s u b j e c t s  who a r e  c o n s i s t e n t  in t h e i r  p r e f e r e n c e  a l s o  p e r f o r m  w e l l  
in t r i a n g l e  t e s t s .
T a b l e  7 .14/
T a b l e  7 - lA Su mma r i s i ng  t he  R e s u l t s of T a b l e  7. 13
AB/3B 1 2a / 1a  o r  Aa / 3 a / 2 a 1 N Fi  1e TA*
10 67 10 67 15 G
13 65 10 50 20 H
8 50 6 38 16 1
3 38 3 38 8 J
A 67 A 67 6 K
2 33 2 33 6 L
1n addi  t  i on t o  the r e s u l t s  p r e s e n t e d  i n T a b l e  7 . lA i t s h o u I d
r e c o g n i s e d  t h a t  12 s u b j e c t s  c o n s i s t e n t l y  p r e f e r r e d  A.  T h e s e  12 
a l s o  d e m o n s t r a t e d  a p t i t u d e  f o r  t h e  t r i a n g l e  t e s t i n g  p r o c e d u r e s .
T h e y  r e p r e s e n t e d  a v e r y  h i g h  p r o p o r t i o n  o f  15 s u b j e c t s  who p r e f e r r e d  
A.
In c o n c l u s i o n ,  i t  may be s t a t e d  t h a t  the m a j o r i t y  o f  s u b j e c t s  
showed some a p t i t u d e  f o r  t r i a n g l e  t e s t s  and were a l s o  c o n s i s t e n t  in 
t h e i r  p r e f e r e n c e s  f o r  e i t h e r  B o r  A.  From T a b l e  7 . 1 2 ,  t he  s ma l l  
number  o f  p a r t i c i p a n t s  who s e l e c t e d  A and B on an e qua l  number  of  
o c c a s i o n s  i s  d e m o n s t r a t e d .  T h e y  a c c o u n t  f o r  16 o f  the r e s p o n s e s  
in c o mp a r i s o n  w i t h  AO c o n s i s t e n t  p r e f e r e n c e s  f o r  B and lA c o n s i s t e n t  
p r e f e r e n c e s  f o r  A.  T h o s e  who a r e  c o n s i s t e n t  i n t h e i r  r e s p o n s e  
c l e a r l y  exceed t h o s e  who d e m o n s t r a t e  no p r e f e r e n c e  f o r  e i t h e r  sampl e.
T h e  o b s e r v a t i o n s  in T a b l e  7 . 1 5  wer e d e r i v e d  f r o m t he  comp u t er
p r i n t o u t  f rom f i l e  T 3 Q.  T h i s  f i l e  g i v e s  t he r e s u l t s  o f  the
e x p e r i m e n t s  c a r r i e d  o u t  by 17 ESCA/QMC s t u d e n t s .  I t  f or ms t he
b a s i s  o f  the d i s c u s s i o n  o f  the e x p e r i m e n t a l  r e s u l t s  w h i c h  f o l l o w s .
T a b l e  7.  15/
131.
T a b l e  7 - 1 5  T h e  Comput er  F i l e  T 3 Q  ~ ESCA/QMC S t u d e n t s  l A . 1 1. 78


















2 ( 4 d f )  8 . 1 0  ( p < 0 . 10)  2 3 3 . 4 9  ( p < 0 . 0 0 )
T h e  f i r s t  col umn i d e n t i f i e s  t h e  t a s t e r .  T h e  second col umn ( p a i r e d  
c o mp a r i s o n  p r e f e r e n c e  t e s t s )  i n d i c a t e s  t h e  number  of  o c c a s i o n s  i n the 
f o u r  p r e s e n t a t i o n s  on w h i c h  Sample B was p r e f e r r e d .  i t  can be seen 
t h a t  r e s p o n s e s  t hus  f a l l  i n t o  f i v e  c a t e g o r i e s .  T he t h i r d  col umn 
i n d i c a t e s  t h e  number o f  c o r r e c t  r e s p o n s e s  in the t r i a n g l e  t e s t s .
T h e s e  a l s o  f a l l  i n t o  f i v e  c a t e g o r i e s .  A l s o  a v a i l a b l e  ( n o t  s e t  ou t  
h e r e )  i s  a t a b l e  s u mma r i s i n g  t he  l i n k  between t a s t e r s '  p e r f o r m a n c e  in 
p a i r e d  c o mp a r i s o n  and t r i a n g l e  t e s t s ,  f o r  e x a mp l e ,  of  t he  t h r e e  t a s t e r s  
who c o n s i s t e n t l y  p r e f e r r e d  Sample B i . e .  on a l l  f o u r  p r e s e n t a t i o n s ,  
c o r r e c t  i d e n t i f i c a t i o n s  o f  the odd sampl e in t he  f o u r  t r i a n g l e  t e s t s  
wer e made on on e ,  t wo ,  t h r e e  and f o u r  p r e s e n t a t i o n s  r e s p e c t i v e l y .  T h i s  
t a b l e  has g r e a t l y  s i m p l i f i e d  t he  more d e t a i l e d  a n a l y s e s  o f  t h e  d a t a  
wh i ch f o l 1o w s .
I n/
In November  1978,  a g r o u p  o f  17 s t u d e n t s  f r om bot h  ESCA and QMC 
t o o k  p a r t  i n an a d d i t i o n a l  s e r i e s  o f  t e s t s .  F o u r  r e p l i c a t e d  p a i r e d
c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  and f o u r  r e p l i c a t e d  t r i a n g l e  t e s t s  were 
u s e d .  I n d i v i d u a l  b o o t h s  in t he S e n s o r y  A p p r a i s a l  Room wer e a v a i l a b l e  
f o r  t he  t a s t i n g  t e s t s .  Both o r a n g e  and w h i t e  t u n g s t e n  f i l a m e n t  
l i g h t i n g  was u s e d .  Both g r o u p s  of  s t u d e n t s  had had some e x p e r i e n c e  
in t h i s  t y p e  o f  t a s t i n g  p r o c e d u r e .  T h e  e x p e r i m e n t a l  d e s i g n  i s  i n d i c a t e d  
be 1 o w :
Or ange L i t  Boot hs  Whi t e  L i t  Booths
Samp 1e Lodes Sample Lodes
P a i r e d  C o mp a r i s o n s
682 A 363 B 251 A 178 B
1 st  2 nd 3 rd 4 t h
132.
561 B 145 A 324 B 956 A
T r  iI ang le T e s t s
1 s t 201 725 855 2 nd 634 861 412
A B A B A B
3 rd 791 432 144 4t h 818 119 556
A B A B A B
Where A = S p r i n g  (May s l a u g h t e r e d  l amb)  B = F e b r u a r y  s l a u g h t e r e d  lamb 
T he r e s u l t s  o f  t h e s e  t e s t s  a r e  i n d i c a t e d  in T a b l e  7 . 1 6 .  T o t a l s  f o r  
p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s  u nde r  each l i g h t i n g  c o n d i t i o n  
and p r e s e n t a t i o n  sequence a r e  i n d i c a t e d .
T a b l e  7 . 1 6  R e s u l t s  o f  P a i r e d  Co mp a r i s o n  ( P r e f e r e n c e )  T e s t s  
P a i r e d  C o mp a r i s o n s  T  r i a n g l e  T e s t s
L i g h t  Sou r c e A B L i g h t  So u r c e C 1
Or a ng e  AB 9 8 Or ange ABA 12 5 **
Or a n g e  BA 5 12 Or ange ABA 1 1 6 **
W h i t e  AB 10 7 W h i t e  BAB 13 4 ***
Wh i te  BA 10 7 Wh i t e  BAB 14 3 ***
T  o t a 1s/
133.
T o t a l s  Or a n g e  A 1A B 20 C 50 I 18 ***
W h i t e  A 20 B 1A
Where C = C o r r e c t  i d e n t i f i c a t i o n
I = I n c o r r e c t  i d e n t i f i c a t i o n
** = p< 0 . 0 1
*** = p<0 . 0 0 1
NS = Not  s i gn i f  i c a n t  
I t  w i l l  be n ot e d  t h a t  t h e r e  a p p e a r s  t o  be a r e v e r s a l  o f  p r e f e r e n c e  
i n t he  p a i r e d  c o m p a r i s o n s  when t h e  t o t a l  s c o r e s  a r e  c o n s i d e r e d .  
S i m i l a r l y ,  i n  t he  t r i a n g 1 e t e s t , a c u i t y  a p p e a r s  t o  be g r e a t e r  i n  w h i t e  
t han i n o r a n g e  l i g h t .
E x a m i n a t i o n  o f  T a b l e  7 . 1 7  w h i c h  f o l l o w s  i n d i c a t e s  t h a t  t h e s e  
g r o u p e d  r e s u l t s  a r e  m i s l e a d i n g .  P r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e .  
T h r e e  p e o p l e  c o n s i s t e n t l y  p r e f e r r e d  Sample A i r r e s p e c t i v e  o f  l i g h t i n g  
c o n d i t i o n s .  S i m i l a r l y  f o u r  p e o p l e  c o n s i s t e n t l y  p r e f e r r e d  B. I t  is 
o f  i n t e r e s t  t o  n o t e  t he  r e a c t i o n s  of  the f i v e  s u b j e c t s  who p r e f e r r e d  
A and B on an e q u a l  number  o f  o c c a s i o n s .  Two f o l l o w e d  t he a p p a r e n t  
t r e n d  i n t h a t  B was p r e f e r r e d  in o r a n g e  l i g h t  and A in w h i t e  l i g h t .  
Th e  r e m a i n i n g  t h r e e  were u n a f f e c t e d  by l i g h t i n g  c o n d i t i o n s  a l w a y s  
c h o o s i n g  w i t h  i n c o n s i s t e n c y .
T a b l e  7 . 1 7  P e r f o r m a n c e  of  F i v e  S u b j e c t s  P r e f e r r i n g  A and B
on an Equal  Number o f  O c c a s i o n s
Or ange L i g h t i n g  Whi t e  Li  g h t i  ng
S u b j e c t  6 2B 2A
8 1A IB 1A IB
"  10 2B 2A
15 1A IB 1A IB
"  17 1A IB 1A IB
In a d d i t i o n  t h e r e  were t h r e e  s u b j e c t s  who chose A on t h r e e  o f  f o u r
o c c a s i  ons/
m .
o c c a s i o n s  and a l s o  t h r e e  who chose B on t h r e e  o f  f o u r  o c c a s i o n s .  L i k e
t he f i r s t  seven s u b j e c t s  d i s c u s s e d ,  t h e i r  c o n s i s t e n c y  was g ood.  T h u s
a p a r t  f r om t h e  f i v e  s u b j e c t s  c o n s i d e r e d  in T a b l e  7 . 1 7  t h e  e x p e r i m e n t  
d e m o n s t r a t e d  c o n s i s t e n t  p r e f e r e n c e s  f o r  e i t h e r  A o r  B by 10 o f  t he  17 
p a r t i c i p a n t s .  Even o f  t h e  f i v e  i n c o n s i s t e n t  s u b j e c t s ,  two can be 
c o n s i d e r e d  t o  be c o n s i s t e n t  in t h e i r  p r e f e r e n c e  a l t h o u g h  t h i s  p r e f e r e n c e  
v a r i e d  w i t h  l i g h t  s o u r c e .
P e r f o r m a n c e  o f  t h e s e  17 s u b j e c t s  in the t r i a n g l e  t e s t s ,  w i t h  t h r e e  
e x c e p t i o n s ,  i s  g ood.  ( A p t i t u d e  f o r  t h e  t e s t i n g  p r o c e d u r e  i s  c o n s i d e r e d  
t o  be d e m o n s t r a t e d  i f  t h e  c o r r e c t  i d e n t i f i c a t i o n  i s made on a t  l e a s t  50% 
o f  o c c a s i o n s ) .  D e t a i l s  of  p e r f o r m a n c e  o f  each  s u b j e c t  in t h e s e  t e s t s  
i s  g i v e n  in T a b l e  7 . 1 8  and in t he  P a i r e d  Co mp a r i s o n s  in T a b l e  7 . 1 9 .
In r e l a t i o n  t o  t r i a n g l e  t e s t s ,  12 s u b j e c t s  i d e n t i f i e d  the odd sampl e 
c o r r e c t l y  on e i t h e r  t h r e e  o r  f o u r  o c c a s i o n s  i r r e s p e c t i v e  o f  l i g h t i n g  
c o n d i t i o n s .  Of  the two s u b j e c t s  who i d e n t i f i e d  t he  odd sampl e 
c o r r e c t l y  on two o f  f o u r  o c c a s i o n s ,  one c o u l d  i d e n t i f y  the odd sample 
o n l y  in o r a n g e  l i g h t  and t he  o t h e r  was u n a f f e c t e d  by l i g h t i n g  c o n d i t i o n s .  
S u b j e c t s  5,  9 and 13,  who i d e n t i f i e d  t he odd sampl e o n l y  o n c e ,  a l l  
a c h i e v e d  t h i s  s i n g l e  i d e n t i f i c a t i o n  o n l y  under  w h i t e  l i g h t .  L i g h t i n g  
c o n d i t i o n s  do not  t h us  seem t o  e x e r t  much e f f e c t  in t h e  t r i a n g l e  t e s t s .
L i n k i n g  t he  p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s  f o r  t h e s e  t h r e e  
s u b j e c t s ,  s u b j e c t  5 consi  s t e n t l y  p r e f e r r e d  B and bot h s u b j e c t s  9 and 13
p r e f e r r e d  A on t h r e e  of  f o u r  o c c a s i o n s .  T h e i r  p e r f o r m a n c e  i s  v e r y  much
i n l i n e  w i t h  f i n d i n g s  i n t he e x p e r i m e n t  " T h e  V i s u a l  I mpact  o f  Foods"  
wher e s u b j e c t s  wer e more c o n s i s t e n t  i n t h e i r  p r e f e r e n c e s  than in 
i d e n t i f y i n g  t he  odd sampl e in t r i a n g l e  t e s t s .  T o  q u o t e  a s t u d e n t  
comment -  " t h e y  know what  t h e y  l i k e  but  not  why t h e y  l i k e  i t ! "
T h e  s e r i e s  of  t r i a l s  o f  t h e  b a r l e y  f ed May s l a u g h t e r e d  lamb and
t h e/
135.
T a b l e  7. 18 A n a l y s i s  o f  P e r f o r m a n c e  -  T r i a n g l e  T e s t s  
Sampl e Codes
Subj  e c t 725 861 A32 119 x /7A
1 1 1 1 0 3
2 1 1 1 1 A
3 0 1 1 1 3
A 1 1 1 1 A
5 0 1 1
6 1 1 1 1 A
7 1 0 1 2
8 1 1 1 1 A
9 0 0 1 T
10 1 0 1 1 3
11 1 1 1 1 A
12 1 1 0 1 3
13 0 0 0 1 1
1A 0 1 1 1 3
15 1 0 0 1 2
16 1 1 1 1 A
17 1 1 0 1 3
L i g h t  So u r c e  0 w 0 w
T o t a  1s
Nos.  c o r r e c t  A 3 2 1 0
6 6 2 3 0
Er  r o r s 0 A 
W 2









w h e r e :
C o r r e c t  Responses 1 
I n c o r r e c t  Responses 0 
L i g h t  s o u r c e s  0 = Or ange 
W = Wh i te
T a b l e  7 . 1 9  A n a l y s i s  of  P e r f o r m a n c e  -  P a i r e d  C o mp a r i s on  ( P r e f e r e n c e )
T e s t s
_ x
S u b j e c t  1st  2nd 3 r d  4 t h  B p r e f e r r e d  T  r i a n g l e  T e s t s  / Zj
136.
1 B B B B 4 3
2 B B A B 3 4
3 B B B A 3 3
4 A B A A 1 4
5 B B B B 4 1
6 B B A A 2 4
7 A B B B 3 2
8 A B A B 2 4
9 B A A A 1 1
10 B B A A 2 3
11 A A A A 0 4
12 A A A A 0 3
13 A A B A 1 1
14 A A A A 0 3
15 A B B A 2 2
16 B B B B 4 4
17 A B A B 2 3
L i g h t
So u r c e









wher e 0 = o r a n g e  
W = wh i t e  
1 i g h t
3 3 5 3 3





i n T r i  ang T  
T e s t s
1 2 1
0
t he F e b r u a r y  s l a u g h t e r e d  lamb were c o mp l e t e d  i n J a n u a r y  1979 by two 
g r o u p s  o f  ESCA BSc s t u d e n t s  o f  A g r i c u l t u r e .  E x p e r i e n c e  s i n c e  1976 had 
shown s t u d e n t s  t o  have good d i s c r i m i n a t o r y  a b i l i t y  even in t h e  f a r  
f rom i d e a l  c o n d i t i o n s  i n w h i c h  t he  t e s t s  wer e c a r r i e d  o u t .  In 1979,  
t he  s t u d e n t s  o b t a i n e d  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  i n p a i r e d  
c o m p a r i s o n  ( d i f f e r e n c e )  t e s t s  on be ef  s a m p l e s ,  i n t r i a n g l e  t e s t s  on 
t h e  aroma and f l a v o u r  o f  y oung and m a t u r e  p o r k  and f o r  j u i c i n e s s  in 
lamb sampl es cooked t o  i n t e r n a l  t e m p e r a t u r e s  o f  e i t h e r  70°C o r  80°C.
F o r  t h i s  p a r t i c u l a r  s e r i e s  of  t r i a l s ,  s t u d e n t s  wer e f i r s t  r e q u i r e d  
t o  i n d i c a t e  p r e f e r e n c e  f o r  A or  B on t h e  b a s i s  o f  f l a v o u r .  T h e  same 
sampl es  wer e  t h e n ,  unknown t o  t he s t u d e n t s ,  a s s e s s e d  on the b a s i s  of  
g e n e r a l  a c c e p t a b i l i t y .  P r e s e n t a t i o n  o f  sampl es  f o l l o w e d  t he  u sua l  
p r a c t i c e .  R e s u l t s  o f  t he t e s t s  a r e  shown in T a b l e  
T a b l e  7 . 2 0  R e s u l t s  o f  P a i r e d  Co mp a r i s o n  T e s t s
2
B a s i s  o f  C h o i c e  N A B % P r e f e r e n c e  z p
B
F l a v o u r  56 19 37 66 5 . 2 *  2 . 2 7  < 0 . 0 1 2
A c c e p t a b i l i t y  56 22 3^ 61 2 . 2  1. A6 <"0.072
Where * = p < 0 . 0 5
T h e  p r o b a b i l i t y  o f  p r e f e r e n c e  f o r  t h e  f l a v o u r  o f  B by c hance i s  v e r y  
s l i g h t .  Even when o t h e r  c h a r a c t e r i s t i c s  a r e  c o n s i d e r e d ,  as i n 
g e n e r a l  a c c e p t a b i l i t y ,  t h e  p r o b a b i l i t y  o f  a c h i e v i n g  t h e s e  r e s u l t s  by 
cha nc e  i s  l ow.  ( i n  o n l y  1% o f  t r i a l s  w o u l d  a d i f f e r e n t  r e s u l t  have 
been o b t a i n e d ) .  In t h i s  s e r i e s  o f  t r i a l s ,  i t  was t h u s  e s t a b l i s h e d  
t h a t  t a s t e r s  p r e f e r r e d  sampl e B and t h a t  t h e i r  p r e f e r e n c e  was more 
o b v i o u s  when f l a v o u r  a l o n e  f or med t h e  b a s i s  o f  p r e f e r e n c e .
Of  t he  56 p a r t i c i p a n t s ,  33 (53%) c o n s i s t e n t l y  p r e f e r r e d  e i t h e r  
Sampl e A or  Sampl e B in bot h  t e s t s .  I t  i s  t h u s  s u g g e s t e d  t h a t ,  on 
t h i s  o c c a s i o n ,  t he  33 showed g r e a t e r  a p t i t u d e  f o r  t he  t e s t s .  T h e i r  
r e su  1t s /
137.
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T a b  le 7 - 2 1  R e s u l t s  o f  T a s t e r s  C o n s i s t e n t  in F l a v o u r  and G e n e r a l  
A c c e p t a b i 1i t y  
N_ /\ J3 % P r e f e r e n c e  B
33 9 2k 73
A . D i s c u s s i o n  and C o n c l u s i o n s
T h e  r e s u l t s  o f  a l l  t he  t r i a l s  c a r r i e d  o u t  seem t o  i n d i c a t e  t h a t  
i f  s u f f i c i e n t  d i f f e r e n c e  between sampl es e x i s t s  a r e l a t i v e l y  h i g h  
p r o p o r t i o n  o f  s u b j e c t s  a r e  a b l e  t o  i d e n t i f y  odd sampl es  i n t r i a n g l e  
t e s t s  and t o  make c o n s i s t e n t  p r e f e r e n c e  j u d g e m e n t s  f o r  e i t h e r  of  t he  
s ampl es in p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s .  T h r e e  v e r y  d i f f e r e n t  
g r o u p s  o f  t a s t e r s  wer e  used f o r  t h e s e  t r i a l s .  T h e  ESCA/QMC s t u d e n t s  
wer e  l e s s  s t r o n g  in t h e i r  p r e f e r e n c e  f o r  Sampl e B. P r e f e r e n c e  i s  
however  h i g h l y  s u b j e c t i v e  and i n t h i s  g r o u p  were t a s t e r s  who e i t h e r  
c o n s i s t e n t l y  p r e f e r r e d  boa r  meat  or  c o n v e n t i o n a l  p o r k  i n k r e p l i c a t e  
s t u d i e s .  T h e y  may not  t h e r e f o r e  be q u i t e  as r e p r e s e n t a t i v e  of  the 
t y p i c a l  consumer  as t h e  o t h e r  t wo g r o u p s .
I t  must  however  be a d m i t t e d  t h a t  t h e  g e n e r a l  t r e n d  f o r  B t o  be 
t he  p r e f e r r e d  sampl e was a m a t t e r  o f  s u r p r i s e  t o  t h e  e x p e r i m e n t e r .
I t  was t he  t i m e  o f  y e a r  when t h e  f l a v o u r  o f  lamb i s  g e n e r a l l y  b e i ng  
d e s c r i b e d  as " t o o  s t r o n g "  and the consumer  i s  p r e p a r e d  t o  pay a h i g h e r  
p r i c e  f o r  " s p r i n g  l a mb" .  Y e t  t he  o l d e r  lamb was c l e a r l y  t h e  p r e f e r r e d  
sampl e in t h i s  s e r i e s  o f  t r i a l s .
R e f e r r i n g  a g a i n  t o  t he f i r s t  s e r i e s  of  g r a s s  v e r s u s  rape t r i a l s ,  
i t  becomes p o s s i b l e  t o  f e e l  more r e a s s u r e d  t h a t  t h e  f a c t  t h a t  s t a t i s ­
t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were n o t  d e m o n s t r a t e d  was n o t  a r e s u l t  
of  p oor  p e r f o r m a n c e  by a s s e s s o r s .  T h e  l a t t e r  have shown t h e m s e l v e s  
a b l e  t o  c a r r y  o u t  t h i s  t y p e  o f  t e s t i n g  p r o c e d u r e  v e r y  e f f e c t i v e l y .  
R a t h e r /
r e s u l t s  a r e  shown in T a b l e  7 . 2 1 .
5.3k  2 . M » *  < 0 . 0 0 7
R a t h e r  i t  must  be t h a t  any d i f f e r e n c e s ,  i f  p r e s e n t ,  wer e so s l i g h t  
as t o  be u n d e t e c t e d  in t he  c o n d i t i o n s  of  t h e s e  e x p e r i m e n t s .  In 
a d d i t i o n ,  i t  may be t h a t  d i f f e r e n c e s  i n c o o k i n g  sampl es combi ned 
w i t h  d i f f e r e n c e s  i n t e s t i n g  p r o c e d u r e  and t h e  a n a l y s i s  of  d a t a  have 
shown t h a t  d e m o n s t r a b l e  d i f f e r e n c e s  do n o t  e x i s t  between g r a s s  fed 
and r ape f ed a n i m a l s  r e a r e d  i n S c o t l a n d .
T h i s  s e r i e s  o f  t r i a l s  has t h u s  f u l f i l l e d  i t s  p u r p o s e  in 
v i n d i c a t i n g  t h e  t a s t e r s .
139.
iko
Summary -  Gr a s s  v e r s u s  Rape:  Second S e r i e s  o f  T r i a l s
T r i a n g l e  t e s t s  i n d i c a t e d  t h a t  t h e r e  c o u l d  have been s l i g h t  
d i f f e r e n c e s  i n f l a v o u r  between r o a s t e d  g i g o t s  and l o i n s  f r o m g r a s s  
and rape f ed  lambs.  T h e  f l a v o u r  o f  g r a s s  f ed  lambs was p r e f e r r e d .
R e s u l t s  howev e r  i n d i c a t e  t h a t  i t  i s  u n l i k e l y  t h a t  most  consumer s  
wou l d  d e t e c t  d i f f e r e n c e s  between j o i n t s  f r om t h e  two f e e d i n g  r e gi me s  
d e s p i t e  t he  a b i l i t y  of  second y e a r  BSc s t u d e n t s  of  A g r i c u l t u r e  t o  
d e t e c t  aroma d i f f e r e n c e s  i n raw and cooked s a mp l e s .
1. Gr a s s  v e r s u s  Rape:  Second S e r i e s  of  T r i a l s
D e s p i t e  g r e a t e r  p r e c i s i o n  o f  e x p e r i m e n t a l  d e s i g n ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between o r  p r e f e r e n c e s  f o r  
g i g o t s  and l o i n s  f r om e i t h e r  g r a s s  o r  r ape f ed sampl es  wer e 
e s t a b l i s h e d  i n t h e  f i r s t  s e r i e s  of  t r i a l s .  T h e s e  r e s u l t s  c o u l d  
e i t h e r  be caused by t he  a bsence of  d e t e c t a b l e  d i f f e r e n c e s  between 
t e s t  and c o n t r o l  sampl es  o r  t o  l a c k  of  a c u i t y  o f  p ane l  members,  many 
of  whom were s t i l l  r e l a t i v e l y  i n e x p e r i e n c e d .
S i n c e  f i r s t  s e r i e s  sampl es wer e s t i l l  a v a i l a b l e  i t  was d e c i d e d  t h a t  
t h e y  s h o u l d  be t e s t e d  by d e s c r i p t i v e  s e n s o r y  t e c h n i q u e s .  Two o f  t he  
a u t h o r ' s  c o l l e a g u e s  have been t r a i n e d  i n t h e  f l a v o u r  p r o f i l e  a n a l y s i s  
t e c h n i q u e  a t  t h e  A r t h u r  D L i t t l e  I n s t i t u t e  ( I n c ) ,  U . S . A .  Both have 
had c o n s i d e r a b l e  e x p e r i e n c e  and r e g u l a r l y  u n d e r t a k e  c o n s u l t a n c i e s  
r e l a t i n g  t o  p r o d u c t  d e v e l o p m e n t ,  q u a l i t y  c o n t r o l  and p r o bl e ms  o f  t a i n t  
in t h e  f ood i n d u s t r y .  A l t h o u g h  t h i s  t e c h n i q u e  i s  n o r m a l l y  used wher e  
d e t e c t a b l e  d i f f e r e n c e s  between sampl es have been d e m o n s t r a t e d ,  t h ey  
a g r e e d  t o  c a r r y  ou t  a n a l y s e s  on r o a s t e d  g i g o t s  and l o i n s  f r o m g r a s s  and 
r ape f ed  a n i m a l s .
Sampl es/
CHAPTER 8
Sampl es o f  meat  wer e  p r e p a r e d  as f o r  e a r l i e r  p an e l  t r i a l s  f o r
e ach t a s t e r .  F o r  a n a l y s i s  o f  ar oma ,  meat sampl es wer e p l a c e d  i n
250 ml t a l l  f orm P y r e x  b e a k e r s  c o v e r e d  w i t h  w a t c h g l a s s e s .  T h e  
S e n s o r y  A p p r a i s a l  Room was u s ed .
From t h e i r  r e p o r t ,  i t  is e v i d e n t  t h a t  t h e r e  were few c h a r a c ­
t e r i s t i c s  i n  common i n t h e  sampl es  f r om t h e  two r a pe  f ed  a n i m a l s  
and l i t t l e  t o  d i f f e r e n t i a t e  them f r om t h e  g r a s s  f ed  s a mp l e s .  On 
each o c c a s i o n ,  t h e y  c o n s i d e r e d  t h a t  t h e y  wer e  t e s t i n g  t h r e e  d i f f e r e n t  
sampl es r a t h e r  than two s i m i 1a r / i d e n t i c a  1 and one odd sa mp l e .  S i n c e  
t he j o i n t s  wer e  w e l l  w i t h i n  t h e  l i m i t s  o f  recommended f r o z e n  s t o r a g e  
t i me s  f o r  l amb,  i t  seems u n l i k e l y  t h a t  t he  a d d i t i o n a l  s t o r a g e  woul d 
have i nd u c e d  changes  s u f f i c i e n t  t o  mask d i f f e r e n c e s  between s a mp l e s .
L o i n s  wer e  a s s e s s e d  on t h e  f i r s t  o c c a s i o n  and g i g o t s  on t h e  sec on d.
T h e i r  r e p o r t  i s  p r e s e n t e d  i n T a b l e  8 . 1  of  t he A p p e n d i x .
In v i e w  o f  t h e  n a t u r e  of  the f l a v o u r  p r o f i l e  a n a l y s i s  t e c h n i q u e  
i t  i s  t h u s  h a r d l y  a m a t t e r  o f  s u r p r i s e  t h a t  l e s s  e x p e r i e n c e d  t a s t e r s  
we r e  u n a b l e  t o  i d e n t i f y  t h e  odd sampl e c o r r e c t l y  o r  t o  make c o n s i s t e n t  
p r e f e r e n c e  j u d g e m e n t s .  T h u s  i t  can be r e a s o n a b l e  t o  c o n c l u d e  t h a t ,  
d e s p i t e  t he  f i n d i n g s  o f  o t h e r  w o r k e r s  ( P a r k  e t  a l  1 9 7 2 ) ,  t h e r e  was no 
d e t e c t a b l e  d i f f e r e n c e  between r a pe  and g r a s s  f e d  sampl es on t h i s  
oc c a s  i o n .
2.  In C h a p t e r  7 ,  t a s t e r s '  p e r f o r m a n c e  has been shown t o  be v i n d i c a t e d .
When d i f f e r e n c e s  e x i s t  between sampl es t h e s e  a r e  d e t e c t e d  by t r i a n g l e  
t e s t s .  T h e  m a j o r i t y  of  s u b j e c t s  a r e  c o n s i s t e n t  in t h e i r  p r e f e r e n c e s .
T h e s e  f i n d i n g s ,  combi ned w i t h  t h e  f l a v o u r  p r o f i l e  a n a l y s e s ,  e n a b l e d  
t h e  second s e r i e s  of  t r i a l s  t o  be c a r r i e d  o u t  w i t h  g r e a t e r  c o n f i d e n c e  
i n  t h e  m e t h o d o l o g y  and i n the a p t i t u d e  of  t a s t e r s  f o r  the t e s t i n g  
p r o c e d u r e s .
T h e /
H i .
T h e  aroma t e s t s  o f  t h e  f i r s t  s e r i e s  had p r o v e d  most  u n p o p u l a r .
T h e y  wer e c o n s i d e r e d  by p a r t i c i p a n t s  t o  be e x t r e m e l y  d i f f i c u l t ,  
d i s a g r e e a b l e  and o f f - p u t t i n g  t o  an e x t e n t  t h a t  t h e y  h e s i t a t e d  a b out  
c o n t i n u i n g  w i t h  the s e r i e s  o f  t r i a l s .  R e s u l t s  wer e i n no way as 
c l e a r  c u t  as t h o s e  w h i c h  had been a c h i e v e d  i n t h e  d e - o i  l ed h e r r i n g  
s i l a g e  t r i a l s .  A d e c i s i o n  was r e a c h e d  t h a t  t h ey  s h o u l d  be o m i t t e d  
f r om t h e  second s e r i e s  of  t r i a l s .  O t h e r w i s e ,  t r i a n g l e  and f o u r  p a i r e d  
c o m p a r i s o n  ( p r e f e r e n c e )  t e s t s  wer e  used as i n t h e  f i r s t  s e r i e s  ( r o a s t e d  
l o i n s ) .  T h e r e  we r e  f o u r  r e p l i c a t e s  i n  t h e  t r i a n g l e  t e s t s .  For  t he 
second s e r i e s  o f  t r i a l s ,  b o t h  g r a s s  f ed  and rape f ed  a n i m a l s  were 
S c o t t i s h  B l a c k f a c e  w e t h e r s .  A l l  t he  a n i m a l s  wer e  weaned i n A u g u s t  
and g r a z e d  on g r a s s  a f t e r m a t h s  u n t i l  5 t h  O c t o b e r  1978.  T h e  r ape (B)  
g r o u p  we r e  moved on t o  t h e i r  c r o p  w h i l s t  t h e  r e m a i n d e r  (A g r o u p )  
s t a y e d  on g r a s s .  No s u p p l e m e n t a r y  f e e d i n g  was o f f e r e d  t o  e i t h e r  g r o u p .
T h e  s l a u g h t e r  d a t e  of  bot h  g r o u p s  was 2 0 t h  November .  T h e  s l a u g h t e r  
w e i g h t s  o f  each g r o u p  a r e  i n d i c a t e d  i n  T a b l e  8 . 1 .
T a b l e  8 . 1  S l a u g h t e r  We i g h t s  o f  Gr a s s  and Rape Fed B l a c k f a c e  
We t her s  used i n  Second S e r i e s  of  T r i a l s
1 42.
G r a s s  Rape
A n i ma l  No.  S l a u g h t e r  We i g h t  Ani ma l  N o . S l a u g h t e r  We i g h t  
( k g )  ( kg)
555 ho W153 3 9 . 5
1 3 1 0  39 W138 39
787  4o 0382  38
569  38 l 468 39*
90 37 39
975  4 0 . 5
W i t h  t he  e x c e p t i o n  of  t h e  a s t e r i s k e d  s a mp l e ,  wher e t he  c o n d i t i o n  s c o r e  
was 3 , the o t h e r s  wer e  r a t e d  as 2 ^.
T h e s e /
T h e s e  a n i m a l s  were s o l d  t o  FMC. Hence i n d i v i d u a l  c a r c a s s  w e i g h t s  
a r e  n o t  a v a i l a b l e .  As s umi ng  4 6 - 4 7 %  l i v e  w e i g h t  c o n v e r s i o n  t o  c a r c a s s
( j  F i t z S i m o n s )  f o r  lambs o f  t h i s  age e s t i m a t e d  c a r c a s s  w e i g h t s  a r e
i n d i c a t e d  i n T a b l e  8 . 1A.
T a b l e  8 . 1 A E s t i m a t e d  C a r c a s s  We i g h t s  -  G r a s s  and Rape Fed We t he r s  -
143.
Second S e r i e s  o f  T r i a l s
Gr ass Rape
C a r c a s s  No. Kg- C a r c a s s  No. Kg.
555 18. 6 W153 18. 4
1310 18. 3 W138 18. 3
00 18. 6 0382 17. 7
569 17. 7 1468 18. 3
90 17. 2
975 18. 8
3.  Dat a was a n a l y s e d  w i t h  c o mp u t e r  s u p p o r t .  F i l e s  T3R t o  T3W
were c r e a t e d  f o r  t h e  s i x  o c c a s i o n s .  T h e  f i r s t  f o u r  e x p e r i m e n t s
2
compared g i g o t s  and t h e  r e m a i n i n g  two l o i n s .  V a l u e s  of  x  ( d f 4 )  a r e
2
i n d i c a t e d  i n T a b l e  8 . 2 .  Where t h e  c a l c u l a t e d  v a l u e  of  x  e xc ee ds  9 . 4 9 ,
1 3. 28  and 18. 46 t h e  p r o b a b i l i t y  of  a c h i e v i n g  t h e  same r e s u l t s  by c hance
a l o n e  a r e  < 0 . 0 5 ,  <0. 01 and <0. 001 r e s p e c t i v e l y .
2
T a b l e  8 . 2  V a l u e s  o f  x  i n  P a i r e d  C o mp a r i s o n  ( P r e f e r e n c e )  and 
T r i a n g l e  T e s t s :  G r a s s  v e r s u s  Rape Second T r i a l  
F i l e  T 3* C u t  N P a i r e d  C o mp a r i s o n s  T r i a n g l e  T e s t s
R G 8 6 . 3 3  4 . 7 6
S G 14 A . 00 10. 05
T  G 6 3 . 3 3  14. 25
U G 11 13- 36 2 7. 51
V L 10 A . 40  0 . 8 8
W L 10 16. 27 6 . 4 5
V a l u e s  w h i c h  a r e  of  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  u n d e r s c o r e d .  Of t he  
s i x  t r i a l s ,  i t  w i l l  be n o t e d  t h a t  in two p a i r e d  c o mp a r i s o n s  and t h r e e  
t r i a n g l e  t e s t s ,  t h i s  a p p l i e s .  T h e s e  v a l u e s  a r e  in g e n e r a l  agr e e me nt  
w i t h  those i d e n t i f i e d  i n more d e t a i l e d  s t u d i e s  a l t h o u g h  s t a t i s t i c a l l y
s i g n i f i c a n t  r e s u l t s  a r e  d e m o n s t r a t e d  more f r e q u e n t l y  t han in K o l m o g o r o v -
Smirnov.  T e s t .  T h i s  d i s p a r i t y  i s a l i k e l y  r e f l e c t i o n  o f  t h e  i n h e r e n t
2
l i m i t a t i o n  of  t he x s t a t i s t i c .
T o t a  1/
144.
T o t a l  p r e f e r e n c e s  f o r  sampl e A ,  the c o n t r o l ,  t he  c a l c u l a t e d  v a l u e  
o f  t h e  z s t a t i s t i c  and t h e  p r o b a b i l i t i e s  f o r  t he  g r o u p e d  d a t a  ar e  
p r e s e n t e d  i n T a b l e  8 . 3 .
T a b l e  8 . 3 Pa i red Co mp a r i s o n  ( P r e f e r e n c e ) T e s t s  : Gr a s s  v e r s u s  Rape
F i l e  T 3 * N Cut A p r e f e r r e d T o t a  1 z P r o b a b i  1 i t y < *
R 8 G 22 32 1. 95 0 . 0 5 1
S 14 G 33 56 1 . 20 0 . 2 3 0
T 6 G 16 24 1. 43 0.  156
U 11 G 33 44 3 . 1 7 0. 001
V 10 L 22 40 0 . 4 7 0 . 631
W 10 L 19 40 0.  16 0 . 8 7 3
T  o t a 1s 59 145
( 6 1 . 4 1 )
236 3 . 4 5 0 . 001
* T w o - t a i l e d  t e s t .  F i g u r e  i n p r o b a b i l i t y  t a b l e s  was t h e r e f o r e  d o u b l e d .  
V a l u e s  w h i c h  a r e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  u n d e r s c o r e d .
In the 4th t r i a l  f i l e  T 3 U ,  r e s u l t s  c o r r e s p o n d  c l o s e l y  t o  t h o s e  in T a b l e  8 . 2
e x c e p t  f o r  T3W wher e  i t  is c l e a r  t h a t  p r e f e r e n c e s  a r e  e v e n l y  d i v i d e d .
S i m i l a r  d a t a  f o r  t h e  t r i a n g l e  t e s t s  i s  g i v e n  i n T a b l e  8 . 4 .
T a b l e  8 . 4  T r i a n g l e  T e s t s :  Gr a s s  v e r s u s  Rape
F i l e  T 3 * N Cut C o r r e c t T o t a l z P r o b a b i 1
R 8 G 15 32 1. 4 4 0 . 0 7 5
S 14 G 27 56 2 . 2 2 0 . 0 1 3
T 6 G 15 24 2 . 8 2 0 . 0 0 2
U 11 G 22 44 2 . 8 2 0 . 0 0 2
V 10 L 14 40 5 . 5 9 ¿L.'
W 10 L 16 40 6 . 4 1 0.
T  o t a  1 s 59 107 236 3 . 8 4 0
V a l u e s  w h i c h  a r e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  u n d e r s c o r e d .  
A l t h o u g h  t he v a l u e s  o f  T3V and T3W a p p e a r  t o  be of  s t a t i s t i c a l  
s i g n i f i c a n c e ,  t h e s e  r e s u l t s  s h o u l d  be v i e we d  w i t h  c a u t i o n .  T he  
p r o p o r t i o n  of  c o r r e c t  r e s p o n s e s  i s  a p p r o x i m a t e l y  t h a t  w h i c h  woul d  
have been a c h i e v e d  by chance a l o n e  ( 3 3 ^ / 3 % ) .  Hence l o i n  r o a s t s  
f r om g r a s s  and r ape f ed a n i m a l s  must  have been a l mo s t  i d e n t i c a l  in 
f 1avou r . /
145.
f l a v o u r .  T h e  d i s t r i b u t i o n  o f  r e s p o n s e s  of  t he  ten s u b j e c t s  in 
t h e s e  two t r i a l s  is i n d i c a t e d  i n T a b l e  8 . 5 .
T a b l e  8 . 5  T r i a n g l e  T e s t s  -  D i s t r i b u t i o n  of  Responses i n t h e  
F i f t h  and S i x t h  T r i a l s  -  F i l e s  T 3 V  and T3W
T i m e s  C o r r e c t
T 3 *  o 1 2 3 4
V 1 5  3 1 0
W 2 3 3 1 1
T a s t e r s  a r e  u s u a l l y  c o n s i d e r e d  t o  show some a p t i t u d e  f o r  t e s t s ,  i f  the 
odd sampl e i s  i d e n t i f i e d  on a t  l e a s t  50% o f  o c c a s i o n s .  W h i l s t  the 
number  o f  p a r t i c i p a n t s  on t h e s e  t r i a l s  i s  l ow,  i t  can be seen t h a t  o n l y  
f o u r  and f i v e  o f  the ten t e s t e r s  f a l l  i n t o  t h i s  c a t e g o r y .  T h i s  s u g g e s t s  
t h a t  p a r t i c u l a r l y  t h e  r o a s t e d  l o i n  sampl es wer e  s i m i l a r  i r r e s p e c t i v e  of  
f ee d  i ng r e g  i me .
B e f o r e  t he  r e s u l t s  of  t h i s  s e r i e s  of  t r i a l s  a r e  s t u d i e d  more c l o s e l y ,  
r e s u l t s  o f  the K o l m o g o r o v - S m i r n o v T e s t  ( w h i c h  compar es o b s e r v e d  and 
e x p e c t e d  c u m u l a t i v e  f r e q u e n c i e s  o f  b i n o m i a l l y  d i s t r i b u t e d  d a t a )  a r e  
p r e s e n t e d  i n T a b l e  8 . 6 .
T a b l e  8 . 6  Gr a s s  v e r s u s  Rape -  Second S e r i e s  -  K o l m o g o r o v - S m i r n o v
T e s t :  C r i t i c a l  V a l u e s  o f  D
1 3 * N P a i r e d  Co mp a r i s o n s T r  i a n g 1e T e s t s
R 8 0 . 3 1 3 0 . 3 5 0
S 14 0.  186 0 . 3 7 9 *
T 6 0 . 3 0 0 0 . 6 0 0 *
U 11 0 . 4 0 9 * 0 . 2 5 5
V 10 0.  190 0.  100
w 10 0 . 2 9 0 0.  100
-■For t h e s e  v a l u e s  of  D,  p <0 . 0 5  
Ret  r o s p e c t  i v e 1y/
R e t r o s p e c t i v e l y ,  i t  was a m a t t e r  o f  r e g r e t  t h a t  t r i a n g l e  t e s t s  wer e 
no l o n g e r  used t o  d e t e c t  p o s s i b l e  d i f f e r e n c e s  i n aroma.  R e s u l t s  of  
t e s t s  so f a r  c o n s i d e r e d  i n t h i s  c h a p t e r  i n d i c a t e d  t h a t  i n some s a mp l e s ,  
d i f f e r e n c e s  a l b e i t  s l i g h t ,  e x i s t e d  between g r a s s  and r a pe  f ed  lambs.
I f  i t  i s  assumed t h a t  j u d g e s  i d e n t i f y  t h e  odd sampl e  c o r r e c t l y  
on more t han 50% o f  o c c a s i o n s ,  t h e y  may be c o n s i d e r e d  t o  be s e l e c t e d  
t a s t e r s ,  i . e .  t h o s e  whose p r e f e r e n c e s  a r e  more l i k e l y  t o  have been 
d e t e r m i n e d  on a r a t i o n a l  b a s i s .  T h e i r  p r e f e r e n c e s  a r e  i n d i c a t e d  i n 
T a b l e  8 . 7 .
T a b l e  8 . 7 * P r e f e r e n c e s  o f  S e l e c t e d  T a s t e r s  f o r  Gr a s s  o r  Rape Fed 
Samples
T 3 *  N T r i a n g l e  T e s t s  T o t a l  %/W 4B 3B 3A 4A S u b j e c t s  
C o r r e c t  P r e f e r r i n g
146.
2 3 4 A B
R 8 4 2 0 6 75 0 1 2 2 5 1
S 14 9 2 0 1 1 79 0 3 4 1 7 4
T 6 3 3 0 6 100 0 0 2 1 3 0
U 1 1 2 2 2 6 55 0 0 2 3 8 0
V 10 3 1 0 4 40 0 0 2 0 5 2
W 10 3 1 1 5 50 1 2 0 2 3 6
T  o t a 1s 59 24 11 3 38 64 1 6 12 9 31 13
- - Note: t h i s t a b l e c o r r e s p o n d s t o  T a b l e 6. 10 in t he p r e v  i ous c h a p t e r  (£)
and n ot  t o  T a b l e  6 . 8 .
In t he  above t a b l e ,  s u b j e c t s  i d e n t i f y  t h e  odd sampl e c o r r e c t l y  on 2 ,
3 o r  4 o c c a s i o n s .  T h e s e  a r e  t he ' s e l e c t e d '  t a s t e r s .  As t h e  d i f f e r e n c e
between sampl es i n c r e a s e s ,  t he  number  o f  c o r r e c t  i d e n t i f i c a t i o n s  and 
hence t he  number  o f  s e l e c t e d  t a s t e r s  i n c r e a s e s .
T h a t  f l a v o u r  d i f f e r e n c e  between sampl es i s  not  g r e a t  i s  i n d i c a t e d  
by t h e  s m a l l  number  o f  s u b j e c t s  who i d e n t i f i e d  the odd sampl e c o r r e c t l y
on a l l  f o u r  o c c a s i o n s .  F or  f i l e s  T 3 U , V and W t he  p r o p o r t i o n  of
s e l e c t e d  t a s t e r s  is low.
I f /
I f  t he  p r e f e r e n c e s  o f  t h e  s e l e c t e d  t a s t e r s  i s  c o n s i d e r e d ,  t hose  
s u b j e c t s  who p r e f e r r e d  A or  B on two o f  f o u r  o c c a s i o n s ,  i . e .  who 
d i s p l a y e d  random p r e f e r e n c e  wer e o m i t t e d .  F o r  t he  r e m a i n d e r ,  e i t h e r  
A o r  B was p r e f e r r e d  on t h r e e  o r  f o u r  o c c a s i o n s .  E x c e p t  i n  T3W,  
p r e f e r e n c e  f o r  A i s  d e m o n s t r a t e d .  Sampl e s i z e s  a r e  however  t o o  s ma l l  
t o  a p p l y  s t a t i s t i c a l  p r o c e d u r e s  t o  c o n f i r m  t h i s  o b s e r v a t i o n .  I f ,  
h o w e v e r ,  the z s t a t i s t i c  i s  c a l c u l a t e d  f o r  t he t o t a l  s u b j e c t s  i n the 
t r i a l s  wher e  B was p r e f e r r e d  by seven s u b j e c t s  and A by 2 1 ,  t he v a l u e  
i s  1 3 . 36  i n d i c a t i n g  t h a t  t h e  p r o b a b i l i t y  o f  a c h i e v i n g  t h e s e  r e s u l t s  
by c hance a l o n e  is z e r o .  T h e s e  f i n d i n g s  a p p l y  t o  s e l e c t e d  t a s t e r s .
T he  l a s t  t wo col u mns o f  t h e  t a b l e  i n d i c a t e  t h e  same p r e f e r e n c e s  
( f o r  a l l  t a s t e r s )  as i n t he  p r e v i o u s  s e c t i o n .  A g a i n  t he  p r e f e r e n c e  
i s  f o r  sampl e  A.  As i n t h e  p r e v i o u s  s e c t i o n ,  i f  t h e  z s t a t i s t i c  i s  
c a l c u l a t e d ,  such r e s u l t s  c a n n o t  be c o n s i d e r e d  t o  have been a c h i e v e d  
by c hance a l o n e  ( z  = 2 1 . 7 6 ) .
L o o k i n g  at  t h e  s e r i e s  of  t r i a l s  as a w h o l e ,  i t  a p p e a r s  t h a t  t h e r e  
wer e d e t e c t a b l e  d i f f e r e n c e s  i n t h e  r o a s t e d  g i g o t s  but  n o t  i n  t h e  l o i n s .
T he p r e f e r e n c e  of  a l l  t a s t e r s  and s e l e c t e d  t a s t e r s  a p p e a r s  t o  be f o r  t he  
A ( g r a s s  f e d )  s a mp l e s .  T h e  p r e f e r e n c e s  o f  s e l e c t e d  t a s t e r s  woul d  a p p e a r  t o  
be o f  g r e a t e r  i m p o r t a n c e .  T h e  l a r g e  g r o u p  of  p a r t i c i p a n t s  p r e f e r r i n g  
t h e  two sampl es  on an e qua l  number  o f  o c c a s i o n s  i s  of  i n t e r e s t .  T h i s  
a g a i n  s u g g e s t s ,  s i n c e  p r e f e r e n c e  i s  h i g h l y  s u b j e c t i v e  ( d e m o n s t r a t e d  i n 
t h e  p r e v i o u s  c h a p t e r ) ,  t h a t  t h e r e  was l i t t l e  d i f f e r e n c e  between s a mp l e s .  
P r e f e r e n c e s  f o r  A when t o t a l  r e s p o n s e s  wer e  c o n s i d e r e d  was 61% ( f a b l e  8 . 3  
of  t h i s  c h a p t e r ) .
At  t h e  c o n c l u s i o n  of  t h e  t r i a l s ,  t he  p e r f o r m a n c e  o f  t h e  22 p a r t ­
i c i p a n t s  was s t u d i e d .  A t t e n d a n c e  a t  t he s i x  s e s s i o n s  i s  shown i n 
T a b l e  8 . 8 .
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T a b l e  8 . 8 /
O c c a s i o n s  6 5 ^ 3 2 1
S u b j e c t s  0 2  1 10 6 3
T h i s  p a t t e r n  of  a t t e n d a n c e  poses t h e  p r o b l e m o f  s ma l l  panel  s i z e s ,  
o r t h o g o n a l  e x p e r i m e n t a l  d e s i g n  and i n a b i l i t y  t o  m o n i t o r  t a s t e r s '  
p e r f o r m a n c e .
T h e  f i n a l  s t a g e  i n t h e s e  t e s t i n g  p r o c e d u r e s  a s s e s s e d  raw and 
cooked sampl es f o r  t h e i r  ar oma.  A s s e s s me n t  o f  aroma had been o m i t t e d  
f r om e a r l i e r  s e s s i o n s  as a r e s u l t  o f  d i s c u s s i o n s  w i t h  p a r t i c i p a n t s .
T h e y  had p r e v i o u s l y  been d i s s u a d e d  f r om t a k i n g  p a r t  i n t a s t i n g  s e s s i o n s  
be ca u s e  t h e y  f ound t h e  p r o c e d u r e  so d i s t a s t e f u l  and o b j e c t i o n a b l e .
On t h i s  o c c a s i o n  sampl es f r om b o t h  f e e d i n g  r e g i me s  wer e  r e s t r i c t e d  in 
amount  and had been s t o r e d  a t  - 2 5 ° C  f o r  33 mo n t h s .  I t  was n ot  
c o n s i d e r e d  e i t h e r  s a f e  or  f e a s i b l e  t o  a s s e s s  t h e i r  f l a v o u r  
cha r a c t e r  i s t i e s .
In J a n u a r y  1982,  k3 ESCA second y e a r  BSc s t u d e n t s  of  A g r i c u l t u r e  
wer e  asked t o  a s s e s s  t h e  aroma of  t h e  sampl es f o l l o w i n g  p r o c e d u r e s  
i n d i c a t e d  i n T a b l e  9 . 1  o f  the A p p e n d i x .  T h e s e  s t u d e n t s  had o b t a i n e d  
s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  (Chi  R s q u a r e  13.01 p <0 . 0 l )  when 
h e d o n i c  r a t i n g  s c a l e s  wer e  used t o  a sse ss  two sampl es o f  ma t u r e  beef  
( s t e e r )  f r om d i f f e r e n t  f e e d i n g  r e g i me s  and one sampl e o f  cow b e e f .
T h e y  a l s o  c a r r i e d  o u t  p a i r e d  c o mp a r i s o n  ( d i f f e r e n c e )  t e s t s  d e m o n s t r a t i n g  
t h a t  cow be ef  was t o u g h e r  t han s t e e r  b e e f .  T h e  c a l c u l a t e d  v a l u e  of  t h e  
z s t a t i s t i c  was 5.^*9 i n d i c a t i n g  t h a t  the p r o b a b i l i t y  o f  o b t a i n i n g  t h i s  
r e s u l t  by c hance i s  z e r o .  T h i s  g r o u p  c o u l d  t h u s  be c o n s i d e r e d  t o  show 
some a p t i t u d e  f o r  t he  s e n s o r y  a p p r a i s a l  of  me at s .  T h e i r  l a c k  of  
e x p e r i e n c e  does not  seem t o  have h a n d i c a p p e d  p e r f o r m a n c e .  T h e  d e s i g n  
of  t he  e x p e r i m e n t s  is i n d i c a t e d  i n T a b l e  9 . 1  o f  t he  A p p e n d i x .
T a b l e  8 .8  A t t e n d a n c e  a t  T a s t i n g  S e s s i o n s
T a b l e  8 .9 /
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T a b l e  8 . 9  T r i a n g l e  T e s t s  t o  D e t e r m i n e  D i f f e r e n c e s  i n Aroma
Between G r a s s  and Rape Fed Samples
Raw Sampl es Cooked Samples
Beaker  2 AAB 1 BAA
3 ABA A AAB
"  5 BAA 6 ABA
wher e  A = g r a s s  f ed  sampl e 
B = r a p e  f ed  sampl e
When the t o t a l  c o r r e c t  i d e n t i f i c a t i o n s  a r e  g r o u p e d ,  r e s u l t s
s e t  ou t  i n  T a b l e  8 . 1 0  wer e  o b t a i n e d .
T a b l e  8 . 1 0  R e s u l t s  of  T r i a n g l e  T e s t s  -  Aroma of  Gr a s s  and Rape
Fed Sampl es
2
C o r r e c t  I n c o r r e c t  T o t a 1 % C o r r e c t  x
Raw 62 67 129 A8 11. 93
Cooked 5A 75 129 A2 3 . 8 5
2
T hu s  t h e  c a l c u l a t e d  v a l u e s  of  x  O d f )  i n d i c a t e  p r o b a b i l i t y  l e v e l s  of  
p <0 . 0 0 1  and p <0 . 0 5  r e s p e c t i v e l y .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
i n t he  aroma o f  g r a s s  and r ape f ed sampl es have been e s t a b l i s h e d .  T h e  
v a l i d i t y  o f  g r o u p i n g  d a t a  i n t h i s  way has a l r e a d y  been c o n s i d e r e d  in 
C h a p t e r  3.  T h e s e  r e s u l t s  s h o u l d  t h u s  be r e g a r d e d  w i t h  c a u t i o n .
I f  t he  o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  of  t h e  t wo s e t s  of  r e s u l t s  
a r e  c o mp a r e d ,  t h e  c a l c u l a t e d  v a l u e s  o f  x  a r e  3 7 . 2 *  and 9 . A 3  w i t h  
c o r r e s p o n d i n g  p r o b a b i l i t y  l e v e l s  o f  p <0 . 0 0 1  and < 0 . 0 5 .  T h i s  a g a i n  
s u g g e s t s  t h a t ,  a p a r t  f r om d e m o n s t r a t i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  between s a m p l e s ,  t h e s e  d i f f e r e n c e s  a r e  g r e a t e r  i n raw than 
i n cooked s a mp l e s .  I t  s h o u l d  be not e d  t h a t  t h i s  t e s t  has g i v e n  t he  
same r e s u l t  as t h e  g r o u p e d  d a t a  i n t h e  t r i a n g l e  t e s t s .  T h e  l a t t e r  can 
t h u s  be c o n s i d e r e d  w i t h  g r e a t e r  c o n f i d e n c e .
As has been p r e v i o u s l y  n o t e d ,  the e x p e r i m e n t e r  had p r e d i c t e d  
g r e a t e r  a b i l i t y  t o  i d e n t i f y  t he odd sampl e i n raw than i n cooked s a mp l e s .  
In/
In v i e w  o f t h e  r e s u l t s  o f  t he  t e s t s  d e s c r i b e d  a b o v e ,  t h e  Wi l c o x o n  
M a t c h e d - P a i r s  S i g n e d - R a n k s  T e s t  f o r  l a r g e  sampl es  ( > 2 5 )  was used 
t o  t e s t  t h i s  h y p o t h e s i s .  T h e  v a l u e  o f  T  ( t h e  s m a l l e r  sum of  
l i k e - s i g n e d  r a n k s )  i s 133 and of  N ( d i f f e r e n c e s  i n  s i g n  of  mat ched 
p a i r s )  2 6 .  T h e  c a l c u l a t e d  v a l u e  of  z i s  - 1 . 0 9 2 1 .  T h i s  i n d i c a t e s  
t h a t  the p r o b a b i l i t y  of  o b t a i n i n g  such r e s u l t s  by chance a l o n e  i s  
< 0 . 1 3 7 9 .  T h u s  t h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n 
t e s t e r s '  p e r f o r m a n c e  in t he  two s e t s  of  t r i a l s .  I t  s h o u l d  be n o t e d  
t h a t  o f  t h e  43 p a r t i c i p a n t s ,  o n l y  26 had d i f f e r e n t  s c o r e s  i n t he two 
t r i a l s .  T h i s  t e s t  t a k e s  a c c o u n t  of  t h e  i n d i v i d u a l  r e s p o n s e s  o f  each 
t a s t e r  r a t h e r  t han g r o u p i n g  r e s u l t s .  The r e s u l t  i s  t h e r e f o r e  more 
m e a n i n g f u l  ( C h a p t e r  3 ) .  T h e  e f f i c i e n c y  o f  t h e  t e s t  i s  o n l y  
m a r g i n a l l y  l e s s  t han t he  p a r a m e t r i c  t t e s t .  T h e  medi an v a l u e  in 
bot h s e r i e s  i s 1.
T h e  K o l m o g o r o v - S m i r n o v  T e s t  was used t o  compare t h e  o b s e r v e d  
and e x p e c t e d  f r e q u e n c i e s  o f  t h e  r e s p o n s e s  i n t h e  two t r i a l s .  T h e  
d a t a  i s  p r e s e n t e d  i n T a b l e  8 . 1 1 .
T a b l e  8 . 1 1  Ob s e r v e d  and E x p e c t e d  F r e q u e n c i e s  i n T r i a n g l e  T e s t s  t o
Compare Aroma of  Gr a s s  and Rape Fed Samples
Raw Sampl es Cooked Samples
T i m e s  c o r r e c t  0 1 2 3  0 1 2  3
Ob s e r v e d  f r e q u e n c y  9 19 8 9 12 12 15 4
E x p e c t e d  f r e q u e n c y  13 19 10 2 13 18* 10 2
*Be c au s e  of  r o u n d i n g  o f f ,  t he  e x p e c t e d  f r e q u e n c i e s  d i d  n o t  e q u a l  43.
T h u s  1 was d e d u c t e d  f r om t h e  h i g h e s t  e x p e c t e d  f r e q u e n c y .
T h e  c a l c u l a t e d  v a l u e s  o f  D wer e  0 . 1 6 3  f o r  bot h sampl e s e t s .  F o r
1 36 1 63
p r o b a b i l i t y  l e v e l s  p < 0 . 0 5  and p < 0 . 0 1 ,  c r i t i c a l  v a l u e s  a r e  — —  and — 1------
i . e .  0 . 2 0 7  and 0 . 2 4 9  r e s p e c t i v e l y .  T h u s  f o r  bot h raw and cooked sampl es 
d i s t r i b u t i o n  of  r e s p o n s e s  was b i n o m i a l .  T h i s  suggests t h a t  l i t t l e  d i f f e r e n c e  
e x i s t e d  between g r a s s  and r ape f ed s a mp l e s .  T h i s  f i n d i n g  is in contrast t o  
p r e v i o u s  r e s u l t s /
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r e s u l t s  and i s  l i k e l y  t o  have a r i s e n  bot h as a r e s u l t  of  g r o u p i n g  d a t a
2
and o f  t h e  l i m i t a t i o n s  of  the use of  t he x t e s t .  T h e  r e s u l t s  f rom
t h e  K o l m o g o r o v - S m i r n o v  T e s t  w h i c h  t a k e  i n t o  a c c o u n t  t h e  f r e q u e n c y
d i s t r i b u t i o n  o f  r e s p o n s e s  i s  t h u s  l i k e l y  t o  be more v a l i d  ( C h a p t e r  3 ) .
5.  D i s c u s s i o n  and C o n c l u s i o n s
I f  t a s t e r s  a r e  s e l e c t e d  on t h e i r  a b i l i t y  t o  d e t e c t  t h e  odd sampl e
c o r r e c t l y  i n  t he t r i a n g l e  t e s t  on t h e  b a s i s  o f  f l a v o u r ,  t h e  g r a s s  fed
sampl es a r e  p r e f e r r e d  t o  t h e  r ape f ed  s a mp l e s .  D i f f e r e n c e s  between 
t h e  t wo f e e d i n g  r e g i me s  a r e  however  so s l i g h t  as t o  make i t  u n l i k e l y  
t h a t  t he  o r d i n a r y  consumer  woul d  p r e f e r  lamb f r o m a p a r t i c u l a r  f e e d i n g  
r e g i m e .  Such d i f f e r e n c e  as e x i s t e d  i n t h i s  second s e r i e s  o f  t r i a l s  
i s  o b v i o u s l y  g r e a t e r  t han i n t h e  f i r s t  s e r i e s .
In t he  An nu al  R e p o r t  o f  the Meat  R e s e a r c h  I n s t i t u t e  of  1974 i t  
was n o t e d  ( anon)  t h a t  t he  f e e d i n g  o f  r ape p r o du c e d  no f l a v o u r  d e f e c t s  
i n cooked s a mp l e s .  Rhodes ( 1971)  r e p o r t e d  f l a v o u r  d i f f e r e n c e s  between 
F i n n i s h  and S c o t t i s h  h a l f  br ed w e t h e r s  when p a i r s  o f  lambs wer e  compar ed.  
One of  the p a i r  was r e a r e d  i n d o o r s  w i t h o u t  w e a n i n g .  T h e  o t h e r  was 
removed 12- 36 ho u r s  a f t e r  b i r t h  and r e a r e d  on c o l d  m i l k  ad l i b i t u m  
f o r  20 days f o l l o w e d  by a p e l l e t e d  c o n c e n t r a t e  and l a t e r  on a b a r l e y -  
p r o t e i n  c o n c e n t r a t e  w i t h  hay s u f f i c i e n t  t o  a i d  r u m i n a t i o n .  T h e r e  was 
a h i g h l y  s i g n i f i c i a n t  d i f f e r e n c e  ( p <0 . 0 l )  i n the s t a n d a r d  e r r o r  o f  t h e  
d i f f e r e n c e s  between s a mp l e s .  In t h i s  e x p e r i m e n t ,  c o o k i n g  and i n t e r n a l  
t e m p e r a t u r e s  d i f f e r e d  f r om t h o s e  o f  t he p r e s e n t  s t u d y .  I n t e n s  i t y  o f  
f l a v o u r  f rom 'much t o o  s t r o n g '  t h r o u g h  ' i d e a l '  t o  ' much t o o  weak'  wer e 
t he c r i t e r i a  u sed.  A l t h o u g h  p e r h a p s  an o b v i o u s  a t t r i b u t e ,  i n t e n s i t y  
o f  f l a v o u r  i s  not  the o n l y  f a c t o r  o f  i m p o r t a n c e  i n a s t u d y  of  f l a v o u r .  
Rhodes ( 1976)  r e p o r t e d  on t h e  a c c e p t a b i l i t y  of  l u c e r n e  t r e a t e d  w i t h  
f o r m a l d e h y d e  o r  g 1u t a r a 1dehyde u s i n g  a t u p e  of  h e d o n i c  s c a l e  r e l a t i n g  
t o/
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t o  f l a v o u r ,  t e x t u r e ,  j u i c i n e s s  and o v e r a l l  a c c e p t a b i l i t y .  A g a i n  no 
d i f f e r e n c e  was n o t e d .  D r a n s f i e l d  e t  a l  ( 1979)  i n d i c a t e d  t h a t  no 
a d v e r s e  comments on f l a v o u r  wer e  made on lamb w h i c h  had been f ed  on 
r a p e .  A l t h o u g h  r e l a t i n g  t o  a d i f f e r e n t  s p e c i e s ,  Nut e  ( p e r s o n a l  
c o m m u n i c a t i o n )  has f ound no u n d e s i r a b l e  f l a v o u r  in 60 beef  c a t t l e  
wh er e  r ape was i n c l u d e d  i n t h e  d i e t .  Wor ke r s  a t  MR I have thus
d e m o n s t r a t e d  t h a t  w h i l s t  o t h e r  f e e d i n g  r e g i me s  may c ause f l a v o u r
d e f e c t s  i n lamb,  g r a z i n g  r ape does n o t .  MR I p a n e l s  can d e t e c t  d i f f e r e n c e s  
as is e v i d e n t  f r om s t u d i e s  q u o t e d  above.
Hence a l t h o u g h  U n i t e d  Ki ngdom r e s u l t s  do n o t  a p p e a r  t o  c o n f i r m
t h o s e  of  Pa r k  e t  a l  (1972 t h i s  does n o t  mean t h a t  i n  t h e  p r e s e n t
t r i a l s  r e s u l t s  a r e  i n v a l i d .  Some of  t h e  r e a s o n s  f o r  d i f f e r e n t
r e s u l t s  wer e s u g g e s t e d  i n C h a p t e r  6.  T h e y  w i l l  be d i s c u s s e d  more
f u l l y  i n C h a p t e r  12. O t h e r s  have c o n s i d e r e d  e i t h e r  a p a r t i c u l a r
f l a v o u r  a t t r i b u t e  o r  t a s t e r s '  a t t i t u d e  t o  f l a v o u r  r a t h e r  t han
f l a v o u r  p e r  se.  I t  was a l w a y s  r e c o g n i s e d  t h a t  f u r t h e r  t e s t s  woul d
be r e q u i r e d  t o  d e t e r m i n e  t h e  n a t u r e  and m a g n i t u d e  o f  any d e t e c t a b l e
d i f f e r e n c e s .
153.
Summary -  T h e  E f f e c t  of  O t h e r  F o r a g e  C r o p s  on Lamb F l a v o u r
In the t r i a l s  d e s c r i b e d ,  w i t h  the p o s s i b l e  e x c e p t i o n  o f  b a r l e y  
and cabbage fed l ambs,  f e e d i n g  r e g i me  seems t o  have had l i t t l e  e f f e c t  
on t h e  aroma or  f l a v o u r  of  r o a s t e d  lamb j o i n t s .  In most  t r i a l s ,  no 
l i n k  between p r e f e r e n c e  and d e t e c t a b l e  f l a v o u r  d i f f e r e n c e s  is 
d e m o n s t r a t e d .  Lambs f r o m t h e  f o l l o w i n g  f e e d i n g  r e g i me s  wer e compar ed:  
B a r l e y  v Swede
B a r l e y  v Cabbage
Cabbage v Swede
S t u b b l e  ( D u t c h )  v T u r n i p s  
Gr a s s  v G r a s s S I l a g e
Gr a s s  S i l a g e  v L u c e r n e  S i l a g e
D e t a i l s  of  c a r c a s s  w e i g h t s ,  s i l a g e  c o m p o s i t i o n  and f e e d i n g  r e g i me s  a r e  
i n c l u d e d  in the A p p e n d i x  ( T a b l e s  9 . 2 ,  9 . 3  and 9 - ^ 0
1 . T h e  E f f e c t  of  O t h e r  F o r a g e  Cr ops  on Lamb F l a v o u r
A t  the end of  t he t r i a l s  d e s c r i b e d  in C h a p t e r s  7 and 8 ,  s t a n d a r d  
sampl es o f  j o i n t s  f r om sheep on t h e  o t h e r  f e e d i n g  r e g i me s  o f  t h e  1977 ESCA 
t r i a l  wer e a v a i l a b l e .  T h e s e  wer e  f r om a n i m a l s  f ed on s t u b b l e  t u r n i p s ,  t u r n i p  
swede and cabba g e.  In a d d i t i o n ,  f o l l o w i n g  t h e  wor k o f  N i c o l  and 
J a g u s c h  ( 1 9 7 1 ) ,  Park e t  a l  ( 1972)  and Par k e t  a l  ( 1 97 5 )  r e p o r t i n g  
f l a v o u r  d e f e c t s  in lamb sampl es f rom sheep f ed on l u c e r n e ,  ( Me d i c a g o  
s a t i v a )  i t  was i n t e n d e d  t o  compare the e f f e c t s  o f  g r a s s  s i l a g e  and 
l u c e r n e  s i l a g e  on lamb f l a v o u r .  T h i s  was n e c e s s a r y  b ecause c a r c a s s e s  
f r om l u c e r n e  f ed  sampl es wer e n o t  a v a i l a b l e  at  t he  t i me  o f  t h e  t e s t s .
T h u s  an e x t e n s i v e  programme o f  i n v e s t i g a t i o n s  was p l a n n e d  f r om O c t o b e r  
1978 o n wa r d s .  F or  t he e a r l i e r  s e r i e s  o f  t r i a l s ,  j o i n t s  f r om b a r l e y  
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fed lambs were t o  be used as c o n t r o l s  w h e r e v e r  p o s s i b l e .  F e e d i n g  
r e g i me s  and o t h e r  d e t a i l s  of  lambs used i n t h e s e  t r i a l s  a r e  summar i sed 
b e l o w .  F u r t h e r  d e t a i l s  a r e  i n c l u d e d  in A p p e n d i x  T a b l e s  9 - 3  and 9 . A.
Breed ( a l l  t r i a l s ) :  S c o t t i s h  B l a c k f a c e  w e t h e r s  r e m a i n i n g  w i t h  t h e i r
mo t h e r s  on h i l l  f ar ms  u n t i l  A u g u s t .
Weaned: In A u g u s t  and s u b s e q u e n t l y  g r a z e d  on g r a s s  f i e l d s  a t  l ower
a l t i t u d e s  u n t i l  1 0 . 1 0 . 7 7  when a l l o c a t i o n  t o  r ape and s t u b b l e  t u r n i p  
f e e d i n g  r e g i me s  was made.  C o mp a r i s o n s  of  g r a s s  and r ape f ed a n i m a l s  
wer e made in C h a p t e r  6.
T h e  f e e d i n g  r e g i me s  w e r e :
1. S t u b b l e  T u r n i p s ,  i . e .  ' S t u b b l e  T u r n i p s '  g r o u p
S t u b b l e  ( D u t c h )  t u r n i p s  were g r a z e d  as t he  s o l e  d i e t  of  one g r o u p
of  lambs f rom 1 0 . 1 0 . 7 7 ,  i . e .  f r o m soon a f t e r  we a ni ng  u n t i l
s l a u g h t e r  ( 6 . 1 2 . 7 7 ) .  A sma l l  su pp l e me n t  o f  wh ol e  b a r l e y  ( 1 3 5 g / d a y )  
was i n t r o d u c e d  f r om 2 4 . 1 1 . 7 7 .  R e ma i n i n g  g r o u p s  o f  lambs were 
t r a n s f e r r e d  t o  t h e  f o r a g e  c r o p s  i n d i c a t e d  on 5 t h  December  1977.
2.  Y e l l o w  T u r n i p s  + Whol e B a r l e y ,  i . e .  ' T u r n i p '  g r o u p
Lambs wer e  g r a z e d  on y e l l o w  t u r n i p s .  T h e s e  lambs were used f o r  
t r i a l s  d e s c r i b e d  in C h a p t e r  7 and f o r  c o m p a r i s o n s  o f  i n t e r n a l  
t e m p e r a t u r e  of  r o a s t e d  j o i n t s  by ESCA BSc s t u d e n t s  o f  A g r i c u l t u r e .
Whole b a r l e y  had been i n r o d u c e d  as a su pp l e me n t  ( I 3 5 g / d a y )  f rom 
2 4 . 1 1 . 7 7  and was g r a d u a l l y  i n c r e a s e d .  A t  s l a u g h t e r  ( 1 2 . 2 . 7 8 )  
b a r l e y  c o n s u m p t i o n  was 3 50 g / day .
3.  Cabbages + Whole B a r l e y ,  i . e .  ' Ca b b a g e '  g r o u p
T wo v a r i e t i e s  of  cabbage wer e g r a z e d .  Whole b a r l e y  had been
i n t r o d u c e d  as a s u p p l e me n t  ( 1 3 5 g / d a y )  on 2 A . 1 1 . 7 7  w h i c h  was 
g r a d u a l l y  i n c r e a s e d  u n t i l ,  a t  s l a u g h t e r  ( A . 3 . 7 8 ) ,  b a r l e y  
c o n s u m p t i o n  was 5 5 0 g / d a y .
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A . Swedes + Whol e B a r l e y ,  i . e .  ' S we d e s '  g r o u p
Swedes we r e  g r a z e d  and wh ol e  b a r l e y  w h i c h  had been i n t r o d u c e d  as 
a s u p p l e me n t  ( I 3 5 g / d a y )  on 2 4 . 1 1 . 7 7 .  S u p p l e m e n t a t i o n  o f  whol e  
b a r l e y  was g r a d u a l l y  i n c r e a s e d  u n t i l ,  at  s l a u g h t e r  ( A . 3 . 7 8 )  
c o n s u m p t i o n  was 5 5 0 g / d a y .
5.  B a r l e y  (ad l i b i t u m ) ,  i . e .  ' B a r l e y 1 g r o u p
T h i s  g r o u p  was t r a n s f e r r e d  t o  i n d o o r  f e e d i n g  on 5 . 1 2 . 7 7 .  From 
r e c e i v i n g  135g/day w h o l e  b a r l e y  as a s u p p l e me n t  f rom 2 A . 1 1 . 7 7  
o n w a r d s ,  t h i s  g r o u p  o f  lambs r e c e i v e d  wh ol e  b a r l e y  as t h e i r  s o l e  
d i e t  f r om 5 . 1 2 . 7 7  onwar ds u n t i l ,  a t  s l a u g h t e r  ( 1 2 . 2 . 7 8 )  t h e y  wer e 
e a t i  ng 1 , 130g/day .
6.  Gr a s s  and L u c e r n e  S i l a g e  Fed Lambs
F o l l o w i n g  t he  same we a ni n g  r e g i m e ,  t h e s e  lambs wer e  g r a z e d  g r a s s  
a f t e r m a t h s  f r om 9 t h  O c t o b e r  1977.  From 9 t h  t o  2 1 s t  O c t o b e r  the 
s i l a g e s  wer e  f ed ad l i b i t u m  a t  9 - 3 0  and 16. 30 h o u r s .  From 
O c t o b e r  2 1 s t  o n w a r d s ,  wh ol e  b a r l e y  was i n t r o d u c e d  g r a d u a l l y  at
9 . 0 0  h o u r s  u n t i l  the lambs wer e  e a t i n g  2 0 0 g/ day  p l u s  s i l a g e  ad 
l i b i t u m .  Lambs wer e  s l a u g h t e r e d  on 8 t h  J a n u a r y  1978.  F u r t h e r  
d e t a i l s  of  t h e s e  s i l a g e s  i s  f ound i n T a b l e  3 .2  o f  t he A p p e n d i x .
7.  Gr a s s  Fed Lambs
F e e d i n g  r e g i me  and r e a r i n g  h i s t o r y  a r e  d e s c r i b e d  i n C h a p t e r  8.
H o we v e r ,  t o  summar i se t h e s e  lambs r e mai ned on g r a s s  f r om O c t o b e r  
5 t h  a c t i n g  as c o n t r o l s  f o r  r ape f ed  lambs u n t i l  s l a u g h t e r  on 2 0 t h  
November  1977.
D e t a i l s  o f  c a r c a s s  w e i g h t s  of  a l l  lambs used may be f oun d  in 
T a b l e  9 . 3  of  t he  A p p e n d i x  
T h e /
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T h e  e x p e r i m e n t a l  d e s i g n  used was t he same as in t h e  Gr a s s  v e r s u s  
Rape t r i a l s  ( se cond  s e r i e s ) .  T a b l e  9 . 1  i n d i c a t e s  t h a t  t h e r e  were 
s i x  f e e d i n g  r e g i me s  t o  be c ompar ed.  F o r  each f e e d i n g  r e g i m e ,  e i t h e r  
t h r e e  or  f o u r  t r i a l s  wer e r e q u i r e d .  T h u s  i t  was n e c e s s a r y  f o r  the 
c o m p l e t i o n  of  t h e  e x p e r i m e n t a l  programme t h a t  more t a s t e r s  wer e 
a v a i l a b l e  t han i n p r e v i o u s  t r i a l s .  I t  was t h u s  d e c i d e d  t o  use QMC 
and ESCA second y e a r  BSc o f  A g r i c u l t u r e  s t u d e n t s  as t a s t e r s .
In e x p e r i m e n t s  w h i c h  p r e c e d e d  t he  p r e s e n t  lamb t r i a l s ,  e x t e n s i v e  
use was made of  QMC s t u d e n t s  of  D i e t e t i c s ,  Home Ec onomi c s  and 
I n s t i t u t i o n a l  Management i n aroma and f l a v o u r  s t u d i e s .  W h i l s t  t e a c h i n g  
programmes c o u l d  n o t  be s e v e r e l y  d i s r u p t e d ,  i t  was u s u a l l y  p o s s i b l e  f o r  
s t u d e n t  g r o u p s  t o  p a r t i c i p a t e  on at  l e a s t  two o c c a s i o n s .  Members of  
the a c a d e mi c  and t e c h n i c a l  s t a f f  a l s o  t o o k  p a r t  i n  e x p e r i m e n t a l  
pr ogr ammes.  C o mp a r i s o n s  between t r i a l s  c o u l d  t h u s  be made.  S t u d e n t s  
who had p a r t i c i p a t e d  p r e v i o u s l y  wer e  c o n s c i e n t i o u s ,  s c i e n t i f i c  in t h e i r  
a p p r o a c h  and e a g e r  t o  p e r f o r m  t o  t he  be s t  of  t h e i r  a b i l i t y .  T h e r e f o r e  
t o  c o mp l e t e  i n v e s t i g a t i o n s  d e s c r i b e d  i n t h i s  c h a p t e r ,  e x p e r i m e n t a l  
p r o c e d u r e s  wer e i n c o r p o r a t e d  i n t o  t h e  t e a c h i n g  programmes of  t h e s e  t h r e e  
s t u d e n t  g r o u p s .  In a d d i t i o n ,  ESCA s t u d e n t s  f o l l o w i n g  t h e  second y e a r  
BSc c o u r s e  i n A g r i c u l t u r e  a l s o  a s s i s t e d  i n t h e s e  e x p e r i m e n t s .  T h e s e  
s t u d e n t s  -  o f t e n  o v e r  50 in number -  showed bot h i n t e r e s t  i n  and a p t i t u d e  
f o r  t h e  t e s t i n g  p r o c e d u r e s .  T h e y  had p r e v i o u s l y  had an i n t r o d u c t i o n  
t o  t h e  a sse ssme nt  of  meats by s e n s o r y  a p p r a i s a l  t e c h n i q u e s .  As was 
i n d i c a t e d  i n C h a p t e r  8 t h e i r  p e r f o r m a n c e  was good.
In u s i n g  t he e x p e r i m e n t a l  d e s i g n  f o r  t he  g r a s s  v e r s u s  r ape t r i a l s ,  
f o u r  p a i r e d  c o m p a r i s o n s  ( p r e f e r e n c e ) ,  and f o u r  t r i a n g l e  t e s t s  in r e l a t i o n  
t o  f l a v o u r  were r e q u i r e d .  In a d d i t i o n ,  t r i a n g l e  t e s t s  were used t o
d e t e c t  p o s s i b l e  d i f f e r e n c e s  in t he  aroma o f  raw and cooked s a mp l e s .  For  
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t h e  a s s e s s me nt  o f  f l a v o u r ,  i n d i v i d u a l  b o o t h s  w i t h  o r a n g e  t u n g s t e n  
f i l a m e n t  l i g h t i n g  wer e u s e d .  The aroma a s s e s s me n t s  wer e  made in 
s p e c i a l l y  d e s i g n a t e d  a r e a s  of  the Food S c i e n c e  l a b o r a t o r y  a t  QMC.
T h e  f e e d i n g  r e g i me s  w h i c h  wer e  compared a r e  i n d i c a t e d  i n T a b l e  9 . 1 .
T a b l e  9 . 1  F e e d i n g  Regi mes and Lamb F l a v o u r  -  C o mp a r i s o n s  f rom
O c t o b e r  1978 onwar ds
157.
r o l  Sampl es (A) Code T e s t  Samples (B)
Bar l e y BS Swede
Bar  l e y BC Cabbage
Cabbage CB Swede
S t u b b l e  T u r n i p s  
( LHS)
ST S t u b b l e  T u r n  i ps 
(RHS)
Gr a s s GGS G r a s s  S i l a g e
Gr a s s  S i 1 age GSLS L u c e r n e  Si 1 age
2.  D e t a i l s  of  each f e e d i n g  r e g i me  a r e  i n d i c a t e d  e a r l i e r  i n t h i s
c h a p t e r .  P r e -  and p o s t - s l a u g h t e r  t e c h n i q u e s  we r e  s t a n d a r d i s e d .  
Co o k i n g  p r o c e d u r e  and p r e s e n t a t i o n  o f  sampl es wer e  as i n d i c a t e d  in 
C h a p t e r  A.  R e s u l t s  of  t h e s e  t r i a l s  a r e  i n d i c a t e d  in t h e  t a b l e s  
whi  ch f o l l o w .
2
T a b l e  9 . 2  V a l u e s  o f  x In P a i r e d  Comp a r i s on  ( P r e f e r e n c e )  and 
T r i a n g l e  T e s t s :  B a r l e y  v e r s u s  Swede ( B S )
F i l e  T 3 "  Cut  N Pai  red Co mp a r i s o n s  T  r i ang1e T e s t s  T  a s t e r s
A G 22 7 . 7 7 °  1 2 . 7 2 C HE3/IM
F L 10 1 3 . 0 7 C A . 06 BA2
L G 6 1. 67 A . A 4  BA2
N G 7 A . 2 A  0 . 7 1  BA2
wh er e  HE3 = Y ea r  3,  Home Economi cs  ( Food and N u t r i t i o n  Gr o u p )
IM «  I n s t i t u t i o n a l  Management -  A b r i d g e d  Co u r s e  
BA2 = Y e a r  2 ,  Home Economi cs  
a = p < 0 . 10 c = p <0 . 02
The f i r s t  two g r o u p s  had f o l l o w e d  a c o u r s e  i n S e n s o r y  E v a l u a t i o n .  T h e  
second y e a r  g r o u p  c a r r i e d  ou t  t he  t e s t s  d u r i n g  a s i x  week modu l e  s t u d y i n g  
Meat/
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Me a t ,  P o u l t r y  and F i s h .  In t h e  t r i a l  r e c o r d e d  i n F i l e  T 3 A ,  B was 
p r e f e r r e d  w h i l s t  i n T 3 F ,  A was p r e f e r r e d .  No c o n s i s t e n t  p r e f e r e n c e  
was t hus  e s t a b l i s h e d  a t  t h i s  s t a g e .
T h u s  wh er e  t h e  number  of  t a s t e r s  i s  h i g h ,  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  i n d i c a t e d  by u n d e r s c o r i n g  a r e  d e m o n s t r a t e d .  
S t u d e n t s  whose r e s u l t s  a r e  r e c o r d e d  i n F i l e s  T 3 L  and T3N wer e f rom 
t h e  same g r o u p .  T h e i r  a t t e n d a n c e  a t  p r a c t i c a l  s e s s i o n s  was poor  
p o s s i b l y  be ca u s e  two members o f  t h e  g r o u p  wer e  v e g e t a r i a n s .  I t  was 
by c o i n c i d e n c e  t h a t  t h e y  wer e  a l l o c a t e d  t o  t a s t e  lamb sampl es f rom 
the same f e e d i n g  r e g i m e .
2
T a b l e  9 - 3  V a l u e s  o f  x i n P a i r e d  C o mp a r i s on  ( P r e f e r e n c e )  and
T r i a n g l e  T e s t s :  B a r l e y  v e r s u s  Cabbage (BC)
F i l e  T 3 " Cut  N_ P a i r e d  C o mp a r i s o n s  T  r i ang l e T e s t s  T a s t e r s
H G 22 9 . 6 A b 8 . 30Q HE3/BA2
J G 9 1. 22 15 . 28d BA2
K G 17 3 . 8 6  9 . 8 0 b HND/DT
M G 5 3 . 8 0  2 . 2 6  BA2
A b b r e v i a t i o n s  as in T a b l e  9 . 2  p l u s :
HND = Y e a r  3,  I n s t i t u t i o n a l  Management
DT = Y e a r  3 ,  D i e t e t i c s
w h e r e Q = p < 0 . 1 0  b = p < 0 . 0 5  d = p<0. 01
I t  w i l l  be n o t e d  f r om t h e  t a b l e  above t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t
f l a v o u r  d i f f e r e n c e s  i n e i t h e r  two or  t h r e e  of  the t r i a l s ,  i n d i c a t e d  by
u n d e r s c o r i n g ,  have been d e m o n s t r a t e d  by the use of  t r i a n g l e  t e s t s .  In
o n l y  one p a i r e d  c o mp a r i s o n  was p r e f e r e n c e  o f  s t a t i s t i c a l  s i g n i f i c a n c e .
T h i s  p r e f e r e n c e  was f o r  a j o i n t  f r om a cabbage f ed  lamb.
2
T a b l e  9 . A V a l u e s  o f  X i n P a i r e d  Co mp a r i s o n s  ( P r e f e r e n c e )  and 
T r i a n g l e  T e s t s :  Cabbage v e r s u s  Swede ( C S )
F i l e  T 3 * Cut  _N Pai  red Compar i sons T  r i ang le T e s t s  T  as t e r s
D G 18 6 . A A  7 . 8 7  HND/DT
I G 18 A . 37 1. 03 HND/HE3
E L 19 2 . 2 6  3 . 9 6  HND/HE3
A b b r e v i a t i o n s  a r e  t h o s e  used i n T a b l e s  9 . 2  and 9 . 3 .
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T h u s  t h e r e  wer e  no s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e s  f o r  
e i t h e r  sampl e a n d,  as woul d  be e x p e c t e d ,  no d e m o n s t r a b l e  d i f f e r e n c e s  
between them.
2
T a b l e  9 . 5  V a l u e s  of  x ' n P a i r e d  C o mp a r i s o n s  ( P r e f e r e n c e )  and
T r i a n g l e  T e s t s :  S t u b b l e  T u r n i p s  LHS ( A)  v s .  RHS (B)
F i l e  T 3 " Cut  N P a i r e d  Co mp a r i s o n s  T  r  i a n g l e  T e s t s  T a s t e r s
B G 23 1. 17 11. 0 4 b BA2/HE3
G G 23 1 0 . I 6 b 2 . 4 6  IM/HE3
C L 23 4 . 2 5  2 . 4 6  HND/BA2
A b b r e v i a t i o n s  a r e  t h o s e  used i n T a b l e s  9 . 2  and 9 . 3  
wher e b = p < 0 . 0 5
T h e  r e s u l t s  in T a b l e  9 . 5  a r e  of  i n t e r e s t .  In C h a p t e r  10,  l i t t l e  
d i f f e r e n c e  i s  d e m o n s t r a t e d  between i n i t i a l  w e i g h t s ,  t o t a l  and e v a p o r a t i v e  
w e i g h t s  and in pH v a l u e s  of  raw and cooked sampl es  when LHS and RHS 
j o i n t s  a r e  comp a r ed.  In t h e  t r i a l s  wher e  d a t a  is s t o r e d  i n c omput er  
f i l e s  T 3 B and T3G r e s p e c t i v e l y ,  a p r e f e r e n c e  and a d i f f e r e n c e  o f  s t a t i s t i c a l  
s i g n i f i c a n c e  a r e  d e m o n s t r a t e d .  When e x p e r i m e n t a l  r e c o r d s  were s t u d i e d  
i t  was not e d  t h a t  t h e  same c a r c a s s e s  wer e  i n v o l v e d  in b o t h  t r i a l s .  T h i s  
i s  i l l u s t r a t e d  in T a b l e  9 . 6  be l ow.
T a b l e  9 . 6  So u r c e  of  Pool e d  Samples in T r i a l s  T 3 B and T3G
F i l e  Cu t  A Samples B Samples P C ( P )  T  r i a n g l e s
An i ma l  Nos.  Ani ma l  N o s .
T 3B G 436 ,  1361 RHS 384,  1337 RHS NS p < 0 . 0 5
T3G G 436 ,  1361 LHS 384 ,  1337 LHS p < 0 . 0 5  NS
T h e  f i r s t  t r i a l  had been c a r r i e d  ou t  on 1 0 . 1 0 . 7 8  and t he second on
2 3 . 1 0 . 7 8 .  D i f f e r e n t  t a s t e r s  wer e i n v o l v e d  on each o c c a s i o n .  In T 3 B ,
t h e  odd sampl e was i d e n t i f i e d  c o r r e c t l y  on 42 of  92 p r e s e n t a t i o n s  (^7%).
In T 3 G ,  Sampl e B was p r e f e r r e d  on 52 of  92 p r e s e n t a t i o n s  {51%).  C a r c a s s
w e i g h t s  of  each a n i mal  a r e  i n d i c a t e d  in T a b l e  9 - 7 .
T a b l e  9-7/
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T a b l e  9 .7  C a r c a s s  W e i g h t s  o f  S t u b b l e  T u r n i p  Fed Lambs









In a l l o c a t i n g  sampl es as A o r  B,  i t  can be seen t h a t  an a t t e m p t  was 
made t o  c a n c e l  o u t  t h e  e f f e c t s  o f  d i f f e r e n c e s  in c a r c a s s  w e i g h t s .
H o we v e r ,  in d o i n g  s o ,  d i f f e r e n c e s  i n t he  p o o l e d  sampl es a r o s e  w h i c h  
wer e  s u f f i c i e n t  t o  a s s i s t  i d e n t i f i c a t i o n  in t r i a n g l e  t e s t s  and t o  e l i c i t  
f l a v o u r  p r e f e r e n c e s .
When LHS and RHS l o i n s  of  t h e  f o u r  c a r c a s s e s  wer e p o o l e d  in t h e  
t r i a l  r e p r e s e n t e d  by T 3 C ,  d i f f e r e n c e s  wer e c a n c e l l e d  o u t .  In t he  p a i r e d  
c o m p a r i s o n s ,  A was p r e f e r r e d  on 47 of  91 o c c a s i o n s  {52%) and i n t he  
t r i a n g l e  t e s t s  t he  odd sampl e was i d e n t i f i e d  c o r r e c t l y  on 34 of  92 
p r e s e n t a t i o n s  {37%).  T h e s e  r e s u l t s  i n d i c a t e  no d i f f e r e n c e s  e x i s t  
between sampl es in t h i s  t r i a l .  T h e s e  f i n d i n g s ,  as i n d i c a t e d  e l s e w h e r e  
in t h i s  s t u d y ,  d e m o n s t r a t e  t he d e s i r a b i l i t y  o f  u s i n g  l a r g e  numbers of  
c a r c a s s e s  f r om a p a r t i c u l a r  f e e d i n g  r e g i me  i n e x p e r i m e n t a l
s t u d i e s  of  t h i s  t y p e .
F or  t h e  l a s t  two t r i a l s ,  GGS and GSLS,  t a s t e r s  wer e ESCA 2nd Y ea r  
BSc s t u d e n t s  o f  A g r i c u l t u r e .  T h e y  compared r o a s t e d  j o i n t s  f r om g r a s s  
and g r a s s  s i l a g e  f ed lambs ( J a n u a r y  1980)  and g r a s s  s i l a g e  and l u c e r n e  
s i l a g e  f ed lambs ( J a n u a r y  1 9 8 1 ) .  T h e i r  r e s u l t s  a r e  p r e s e n t e d  l a t e r  in 
t h i s  c h a p t e r .
F o r  the f i r s t  f o u r  f e e d i n g  r e gi me s  l i s t e d  i n T a b l e  9 - 1 ,  t h e  f u l l  
s e r i e s  of  t e s t  r e s u l t s  i s a v a i l a b l e .  Hence r e s u l t s  o f  t r i a n g l e  t e s t s  
on t h e  aroma of  t he  raw and cooked sampl es a r e  p r e s e n t e d  in T a b l e  9 . 8 .  
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From T a b l e  9 . 3 ,  no c o n s i s t e n t  p a t t e r n  o f  d i f f e r e n c e s  i n aroma 
has been d e m o n s t r a t e d .  In t h r e e  of  t he e i g h t  c o m p a r i s o n s  wher e j o i n t s  
f r om b a r l e y  f ed lambs wer e  used as c o n t r o l s ,  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  a r e  p r e s e n t .  In one of  t h e s e  t h r e e ,  d e t e c t a b l e  d i f f e r e n c e  
p e r s i s t s  a f t e r  c o o k i n g .  A t e n d e n c y  f o r  d i f f e r e n c e  i n t h e  aroma of  
cooked sampl es  may be n o t e d  when j o i n t s  f r om cabbage and swede fed 
lambs a r e  compar ed.  T h e  f i n d i n g  i n r e l a t i o n  t o  t h e  two p a i r s  of  
l e f t  s i d e  g i g o t  j o i n t s  f r om lambs f ed  s t u b b l e  t u r n i p s  i s  d i f f i c u l t  t o  
e x p l a i n .  T h e r e  wer e  23 p a r t i c i p a n t s  i n t h i s  e x p e r i m e n t  and t h us  69 
p r e s e n t a t i o n s .  In t h e s e  p r e s e n t a t i o n s ,  t he  odd sampl e was c o r r e c t l y  
i d e n t i f i e d  i n 3^  (^3%).  T h e s e  f i g u r e s  r e l a t e  t o  cooked s a mp l e s .  T he  
c o r r e s p o n d i n g  f i g u r e s  f o r  t he  aroma o f  raw sampl es  wer e c o r r e c t  
i d e n t i f i c a t i o n s  i n 20 o f  69 p r e s e n t a t i o n s  ( 2 9 ^ )  and f o r  f l a v o u r  3^ of  
92 p r e s e n t a t i o n s  (37%).  T h e  i n t e r f e r i n g  f a c t o r  p r o d u c i n g  a c o r r e c t  
i d e n t i f i c a t i o n  i n o n l y  2 9 ^  of  p r e s e n t a t i o n s  o f  raw sampl es  may p e r h a p s  be 
l i n k e d  t o  t he  d i s c u s s i o n  on p a i r e d  c o m p a r i s o n s  and t r i a n g l e  t e s t s  
w h i c h  f o l l o w s  T a b l e  9 . 6 .  In any c a s e ,  t h e r e  woul d  a p p e a r  t o  be some 
u n u s u a l  and v a r i a b l e  f l a v o u r  and o d o u r  a t t r i b u t e s  i n j o i n t s  f rom lambs 
on t h i s  f e e d i n g  r e g i me  p a r t i c u l a r l y  as v a r i a t i o n  i n c a r c a s s  w e i g h t  was 
t h e  o n l y  v a r i a b l e  i n t h i s  p a r t i c u l a r  e x p e r i m e n t .  S i m i l a r  f i n d i n g s
wer e  n ot  o b t a i n e d  f r om t he two p a i r s  o f  r i g h t  hand g i g o t s .  Both 
s t u d e n t  g r o u p s  p a r t i c i p a t i n g  i n t h i s  a b e r r a n t  t r i a l  had f o l l o w e d  a 
C o l l e g e  c o u r s e  on S e n s o r y  A p p r a i s a l .
As i n  t h e  G r a s s  v e r s u s  Rape t r i a l s ,  t h e  c r i t i c a l  v a l u e s  o f  D 
w h i c h  a l l o w  t h e  n u l l  h y p o t h e s i s  t o  be a c c e p t e d  o r  r e j e c t e d  u s i n g  t h e  
K i I m o g o r o v - S m i r n o v  T e s t  wer e c a l c u l a t e d .  T h e  r a t i o n a l e  o f  t h i s  t e s t  
i s  c o n s i d e r e d  i n C h a p t e r s  3 and 6.  T h e  c r i t i c a l  v a l u e s  a r e  p r e s e n t e d  
i n T a b l e  9 . 9 .
162.
T a b l e  9-9/
163.
Of  t h e  56 t r i a l s  s t u d i e d ,  in o n l y  f o u r  wer e  t h e  c r i t i c a l  v a l u e s  
o f  D of  s u f f i c i e n t  m a g n i t u d e  t o  a l l o w  t h e  n u l l  h y p o t h e s i s  t o  be 
r e j e c t e d  ( f o r  two p <0 . 1 0 ,  f o r  one p < 0 . 0 5  and f o r  t h e  f o u r t h  p <0 . 0 l ) .
F or  T 3 F ,  Sample A was p r e f e r r e d  i n 27 of  40 p r e s e n t a t i o n s  ( p <0 . 0 5 ) .
T h e  d i s t r i b u t i o n  was not  b i n o m i a l  i n t h a t  i n seven of  t h e  ten p a r t ­
i c i p a n t s  p r e f e r r e d  A on e i t h e r  t h r e e  or  f o u r  o c c a s i o n s  wh er e  t h e  
e x p e c t e d  c u m u l a t i v e  f r e q u e n c i e s  of  t h e s e  two c a t e g o r i e s  was o n l y  3 . 1 .  No 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n f l a v o u r  was d e m o n s t r a t e d .  I t  
was u n f o r t u n a t e  t h a t  t h i s  g r o u p  used t h e  e a r l i e r  r e c o r d i n g  f or m wher e 
o n l y  two t r i a n g l e  t e s t s  o f  t h e  sampl es wer e  made.  Seven o f  t h e
t en p a r t i c i p a n t s  i d e n t i f i e d  t he odd sampl e on one o c c a s i o n  and two on 
bot h p r e s e n t a t i o n s .  T h e  c o r r e c t  i d e n t i f i c a t i o n  was made on 11 of  20 
p r e s e n t a t i o n s  ( p <0 . 0 5 ) .  T h e  t r i a n g l e  t e s t  ( f l a v o u r )  m i g h t  have 
p r o d u c e d  a h i g h e r  v a l u e  of  D had f o u r  p r e s e n t a t i o n s  been made.
F or  T 3 H , 40 c o r r e c t  i d e n t i f i c a t i o n s  of  t h e  odd sampl e wer e  made 
in 88 p r e s e n t a t i o n s  ( p <0 . 0 5 ) .  The  v a l u e  of  x  was 8 . 3 0  ( p <0 . 1 0 ) .
T w e l v e  of  t he 22 s u b j e c t s  i d e n t i f i e d  t h e  odd sampl e c o r r e c t l y  on 3 or  
4 p r e s e n t a t i o n s  wher e  the c u m u l a t i v e  e x p e c t e d  f r e q u e n c i e s  wer e 6 . 9 .
T h i s  d a t a  i n d i c a t e s  why t h e  a c t u a l  f r e q u e n c i e s  wer e n ot  b i n o m i a l l y
2
d i s t r i b u t e d .  In t he p a i r e d  c o m p a r i s o n s ,  t he  c a l c u l a t e d  v a l u e  o f  x
was 9 . 6 4  ( p <0 . 0 5 ) . T h u s  a f l a v o u r  d i f f e r e n c e  between t h e  two sampl es
e x i s t e d .  F o r  T 3 K ,  when t h e  same f e e d i n g  r e gi me s wer e  c o mp a r e d ,  the
c r i t i c a l  v a l u e  o f  D i n d i c a t e d  a p r o b a b i l i t y  o f  p <0 . 0 5 ,  e i g h t  o f  t h e
n i n e  s u b j e c t s  i d e n t i f i e d  t he odd sampl e c o r r e c t l y  on t wo o r  t h r e e
o c c a s i o n s  in t r i a n g l e  t e s t s .  T h i s  e x p l a i n s  t he  d i s t r i b u t i o n  o f  t he
r e s p o n s e  p a t t e r n .  T hu s  21 c o r r e c t  r e s p o n s e s  wer e  o b t a i n e d  f rom 36
2
p r e s e n t a t i o n s  ( p <0 . 0 l ) .  T h e  c a l c u l a t e d  v a l u e  of  x was 1 5. 28  ( p < 0 . 0 1 ) .
T h i s  c l e a r l y  e s t a b l i s h e d  f l a v o u r  d i f f e r e n c e  d i d  n ot  a f f e c t  f l a v o u r  
p r e f e r e n c e /
164.
p r e f e r e n c e  s i n c e  w h i l s t  i n bot h  T3.H and T 3 K ,  B,  t he  cabbage fed sampl e 
was p r e f e r r e d j r e s u ] t s  wer e  n o t  of  s t a t i s t i c a l  s i g n i f i c a n c e .
F o r  T3. A, wh er e  t he  c r i t i c a l  v a l u e  o f  D i n d i c a t e d  a p r o b a b i l i t y
2
f  p <0 . 0 5 ,  t h e  v a l u e  o f  x  f ° r t h e  aroma o f  raw sampl es  was 12. 72 
( p <0 . 0 l ) .  T h i r t e e n  o f  t he 22 s u b j e c t s  i d e n t i f i e d  t h e  odd sampl e 
c o r r e c t l y  on two o r  t h r e e  o c c a s i o n s  wher e t he c u m u l a t i v e  f r e q u e n c i e s  
wer e  5 . 7 .  T h u s  t h e  a c t u a l  f r e q u e n c i e s  wer e not  b i n o m i a l l y  d i s t r i b u t e d .
In t he r e m a i n i n g  52 t r i a l s ,  c u m u l a t i v e  a c t u a l  and e x p e c t e d  
f r e q u e n c i e s  do n ot  d i f f e r  s i g n i f i c a n t l y .
T o t a l  p r e f e r e n c e s  f o r  Sample A ,  t h e  c o n t r o l ,  t h e  c a l c u l a t e d  
v a l u e s  o f  t h e  z s t a t i s t i c  and t h e  p r o b a b i l i t i e s  a r e  p r e s e n t e d  in 
T a b l e  9 . 1 0 .
165.
T a b l e  9 . 1 0  P a i r e d  C o mp a r i s o n s  ( P r e f e r e n c e )  T e s t s :  F o r a g e  Cr op 
Compar i sons
Compar i son F i l e T 3 *  Cut N A P r e f e r r e d T o t  a 1 z Pr o b a b i  1 i t y  <
BS A G 22 31 88 2 . 6 6 5 0 . 008 d
1 1 F L 10 27 AO 2 . 0 0 5 0 . 0 2 9 b
1 1 L G 6 7 16 0 . 2 5 0 0 . 8 0 3
1 1 N G 7 13 2A 0 . 2 0 A 0 . 8 5  A
BC H G 22 36 88 1. 600 0.  109
1 1 J G 17 26 68 1. 819 0 . 0 6 9 3
1 1 M G 5 13 20 1. 118 0 . A07
1 i K G 9 15 36 0 . 8 3 3 0 . 1 3 1
cs D G 18 36 72 - 0 . 1 1 8 0 . 9 0 A
11 1 G 18 A0 72 0 . 8 2 5 0.  A07
11 E L 19 Al 76 0 . 5 7 A 0 . 5 6 9
ST B G 23 A6 91 0 1. 000
1 1 G G 23 52 92 1 . 7A7 0 . 8 3 A
1 1 C L 23 A7 91 0 . 2 1 0 0 . 2 3 0
'•Two t a i l e d t e s t s . Va lues i n p r o b a b i l i t y  t a b l e s  was t h e r e f o r e
d o u b l e d  t o  o b t a i n  t h e s e  r e s u l t s .
wh er e  a = p < 0 . 1 0  b -  p < 0 . 0 5  c = p < 0 . 0 2  d -  p <0 . 0 1  
In/
In t h e  B a r l e y  v e r s u s  Swede ( BS)  t r i a l s ,  two r e s u l t s  a r e  of  
s t a t i s t i c a l  s i g n i f i c a n c e .  In T 3 A  when g i g o t s  were c o mp a r ed,  t h e r e  
was a s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  Sampl e B ( Swede)  w h i l s t  
i n  T 3 F ,  l o i n  s a m p l e s ,  Sample A was p r e f e r r e d .  T h i s  may be a r e f l e c t i o n  
o f  the h i g h l y  s u b j e c t i v e  n a t u r e  of  p r e f e r e n c e  or  o f  d i f f e r e n c e  between 
g i g o t s  and l o i n s .  T h e  panel  s i z e s  when t h e  o t h e r  g i g o t s  on t h e s e  f e e d i n g  
r e g i me s  wer e compar ed wer e t o o  sma l l  f o r  v a l i d  c o n c l u s i o n s  to be made. In
any case p r e f e r e n c e s  wer e  a l m o s t  e q u a l l y  d i v i d e d .  Pe r ha p s  n o t  s u r p r i s i n g l y  
when r e s u l t s  f o r  t h e  f o u r  t r i a l s  wer e  p o o l e d  t h e r e  we r e  90 p r e f e r e n c e s  
f o r  Sampl e B o u t  o f  a t o t a l  o f  168.  T h i s  p r e f e r e n c e  was n o t  of  
s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 3 9 5 ) .
In t h e  B a r l e y  v e r s u s  Cabbage ( BC)  t r i a l s ,  none d e m o n s t r a t e d  
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  e i t h e r  s a mp l e ,  a l t h o u g h  T 3 J  
i n d i c a t e s  a s t r o n g  p r e f e r e n c e  f o r  Sampl e B ( C a b b a g e ) .  O n l y  i n T3M 
was sampl e A p r e f e r r e d  b ut  s i n c e  t h e  panel  s i z e  was so s ma l l  t h e s e  
r e s u l t s  s h o u l d  be v i e w e d  w i t h  c a u t i o n .  I f  the combi ned r e s u l t s  f o r  
t h e  212 p r e s e n t a t i o n s  a r e  c o n s i d e r e d ,  Sample B was p r e f e r r e d  i n 122.
T h i s  p r e f e r e n c e  i s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 0 3 3 ) .
In t h e  Cabbage v e r s u s  Swede t r i a l s ,  t h e  Cabbage fed sampl es  wer e 
m a r g i n a l l y  p r e f e r r e d  i n 145 o f  274 p r e s e n t a t i o n s .  T h i s  p r e f e r e n c e  
was not  of  s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 3 7 9 ) -
In t he  c o m p a r i s o n  of  s t u b b l e  t u r n i p s ,  no s t a t i s t i c a l l y  s i g n i f i c a n t  
p r e f e r e n c e s  wer e d e m o n s t r a t e d  e i t h e r  i n  t he  i n d i v i d u a l  t r i a l s  or  when 
r e s u l t s  a r e  c o n s i d e r e d  as a wh o l e  ( p <0 . 3 6 3 ) .
R e s u l t s  o f  t h e  t r i a n g l e  t e s t s  ( f l a v o u r )  a r e  p r e s e n t e d  i n T a b l e  
9 . 1 1 .  C a l c u l a t e d  v a l u e s  o f  t h e  z s t a t i s t i c  and p r o b a b i l i t i e s  a r e  
i nd i c a t e d .
166.










































r—' Cr— O• in
Cn







-d- cn on oon n- r— r—»
o -d- o


















on cnCN voCN CNon oLn dron
CN o


































O CN CN o on ' ~ o '— d T o o
CO








































In t h e  f o u r  B a r l e y  v e r s u s  Swede ( BS)  t r i a l s ,  t h e r e  i s o n l y  one 
r e s u l t  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  A l t h o u g h  t he pan e l  s i z e  was t e n ,  
o n l y  two t r i a n g l e  t e s t s  wer e used i n s t e a d  o f  f o u r  so t h a t  t h i s  r e s u l t  
must  be v i e w e d  w i t h  c a u t i o n ,  p a r t i c u l a r l y  as o n l y  53 c o r r e c t  i d e n t i f ­
i c a t i o n s  of  t h e  odd sampl e wer e  made i n t h e  148 p r e s e n t a t i o n s  ( p < 0 . 4 2 5 ) .
In two o f  t he  t r i a l s ,  t he  panel  s i z e  was s m a l l .  Hence i t  seems 
u n l i k e l y  t h a t  a d e t e c t a b l e  f l a v o u r  d i f f e r e n c e  e x i s t e d  between t h e  two 
s a mp l e s .  T he  p r e f e r e n c e  f o r  t h e  l o i n  sampl es  ( F i l e  T 3 F )  has a 
r a t i o n a l  b a s i s .  T h i s  i s  n o t  so i n t h e  case o f  t he  g i g o t  sampl es 
( F i l e  T 3 A ) .
In t h e  B a r l e y  v e r s u s  Cabbage ( BC) t r i a l s ,  t h r e e  of  t he  f o u r  
i n d i c a t e  s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  d i f f e r e n c e s .  In t he  
f o u r t h  t r i a l ,  t h e r e  wer e o n l y  f i v e  p a r t i c i p a n t s  w h i c h  may a c c o u n t  
f o r  t h e  f a i l u r e  t o  d e t e c t  d i f f e r e n c e s .  In t h e  212 p r e s e n t a t i o n s  
t he  odd sampl e was d e t e c t e d  c o r r e c t l y  in 103 ( p <0 . 0 ) .  W h i l s t  t h e r e  
a r e  t hus  d e t e c t a b l e  d i f f e r e n c e s  i n f l a v o u r ,  t h e s e  d i f f e r e n c e s  ar e  
a s s o c i a t e d  w i t h  p r e f e r e n c e  f o r  t he cabbage f ed sampl es o n l y  when t h e  
t r i a l  r e s u l t s  wer e  p o o l e d  ( p <0 . 0 3 3 ) .
In t h e  Cabbage v e r s u s  Swede ( CS)  t r i a l s ,  t h e r e  was a j u s t  
d e t e c t a b l e  d i f f e r e n c e  i n f l a v o u r  o n l y  in t h e  l o i n  sampl es ( p <0 . 0 6 7 ) .
In t h i s  e x p e r i m e n t  t h e  Cabbage f ed sampl es wer e p r e f e r r e d  a l t h o u g h  
t h i s  r e s u l t  was not  o f  s t a t i s t i c a l  s i g n i f i c a n c e .
T h e  u n u s u a l  r e s u l t  i n t h e  S t u b b l e  T u r n i p s  t r i a l s  have been
c o n s i d e r e d  e a r l i e r  in t h i s  c h a p t e r  f o l l o w i n g  T a b l e  9 . 6 .  I t  i s  c l e a r
t h a t  t h e r e  was a v e r y  s t r i k i n g  d i f f e r e n c e  between t h e  f l a v o u r  o f  the
2
two p o o l e d  s a mp l e s .  T h i s  was h i g h l i g h t e d  by t he  x  v a l u e  r e c o r d e d  in 
T a b l e  9 . 6 .
P e r f o r m a n c e  of  i n d i v i d u a l  t a s t e r s  in p a i r e d  c o mp a r i s o n s  and 
p r e f e r e n c e /
168.
169.
p r e f e r e n c e  t e s t s  in each o f  t he  t r i a l s  was s t u d i e d .  R e s u l t s  a r e  
p r e s e n t e d  i n  t h e  t a b l e s  w h i c h  f o l l o w .  For mat  i s  t h e  same as in 
C h a p t e r  6.
T a b l e  9 . 1 2  C o n s i s t e n t  P r e f e r e n c e  f o r  A o r  B Sampl es -  F o r a ge
Cr op  Co mp a r i s o n s
C o mp a r i s o n  F i l e  T 3 * Cut N 4A 3A 2 Ë 4 b A B T  ot<
BS A G 22 0 2 9 3 2 12 14
F L 10 3 4 1 1 7 2 9
L G 4 0 1 2 0 1 2 3
"  N G 6 0 3 0 1 3 1 4
BC H G 22 1 6 8 b 7 12 19
J G 17 0 2 6 2 2 8 10
M G 5 1 1 0 0 2 0 2
K G 9 0 2 3 1 2 b 6
CS D G 18 2 6 4 3 8 7 15
1 G 18 2 5 1 2 7 3 10
E L 19 2 5 6 0 7 6 13
ST B G 23 1 7 b 2 8 6 14
"  G G 23 3 4 8 b 7 12 19
"  C L 23 3 6 b 3 9 7 16
T a b l e  9 . 1 3  C o n s i s t e n t P r e f e r e n c e s  f o r A or  B - T o t a  1 f o r  E;
F e e d i n g  Regi me -  F o r a g e  Cr op Co mp a r i s o n s
Reg ime A B T o t a  1 No P r e f e r e n c e
BS 13 17 30 12
BC 13 24 37 15
es 22 16 38 17
ST 24 25 49 20
T a b l e  9 - 1 3  i n d i c a t e s  t h a t  j o i n t s  f rom b a r l e y  f ed lambs was p r e f e r r e d  
l e s s  f r e q u e n t l y  t h an  e i t h e r  meats f r om swede or  cabbage f ed lambs.
Sampl es f r o m cabbage f ed  lambs wer e p r e f e r r e d  t o  swede fed 
lambs.  T h i s  f i n d i n g  i s  i n l i n e  w i t h  t h e  r e s u l t s  i n t h e  BS and BC 
t r i a l s .  E i t h e r  sampl e  was c o n s i s t e n t l y  p r e f e r r e d  i f  t h e  f e e d i n g  
r e gi me  was s t u b b l e  t u r n i p s .
P e r f o r m a n c e /
P e r f o r m a n c e  i n t r i a n g l e  t e s t s  o f  t h o s e  who c o n s i s t e n t l y  p r e f e r r e d  
e i t h e r  A or  B was s t u d i e d .  R e s u l t s  a r e  s e t  o u t  i n T a b l e  9 . 1 4 .
T a b l e  9 . 1 4  P e r f o r m a n c e  o f  C o n s i s t e n t  S u b j e c t s  i n T r i a n g l e  T e s t s  -
F o r a g e  C r o p  C o mp a r i s o n s  
Reg ime Cons i s t e n t  C o r r e c t >50^ %
170.
BS 30 14 4 6 . 7
BC 37 16 4 3 . 2
CS 38 15 3 9 . 5
ST 49 27 5 5 . 1
T h e  low p r o p o r t i o n  of  t h o s e  showi ng c o n s i s t e n t  p r e f e r e n c e  f o r  
e i t h e r  Sampl e A or  B who can i d e n t i f y  t he  odd sampl e c o r r e c t l y  i n a t  
l e a s t  50 p e r  c e n t  o f  o c c a s i o n s  s h o u l d  be n o t e d .  P r e f e r e n c e  j u d g e ­
ments -  as i n d i c a t e d  i n C h a p t e r  6 -  must  be v i e w e d  w i t h  c o n s i d e r a b l e  
c a u t i o n .  T h e s e  r e s u l t s  may i n d i c a t e  why so f ew p r e f e r e n c e s  of  
s t a t i s t i c a l  s i g n i f i c a n c e  wer e r e c o r d e d  i n T a b l e  9 . 1 0 .
As i n C h a p t e r  6 ,  t he  r e s u l t s  can be v i e w e d  d i f f e r e n t l y  i f  p r e f e r e n c e s  
of  s e l e c t e d  t a s t e r s ,  i . e .  t h o s e  who i d e n t i f i e d  t he  odd sampl e c o r r e c t l y  
i n t r i a n g l e  t e s t s  in at  l e a s t  h a l f  t he  p r e s e n t a t i o n s ,  a r e  s t u d i e d .
T h i s  i n f o r m a t i o n  i s  s e t  o u t  i n T a b l e  9 - 1 5 .
T a b l e  9 . 1 5  P r e f e r e n c e s  of  S e l e c t e d  T a s t e r s  f o r  A and B Samples i n 
F o r a g e  Cr op C o mp a r i s o n s  
Regime S e l e c t e d  T a s t e r s  A p r e f e r r e d  B p r e f e r r e d
BS 15 8 7
BC 23 8 15
CS 15 H  4
ST 27 15 12
T h e  t o t a l  number o f  s e l e c t e d  t a s t e r s  i n T a b l e  9 . 1 4  does n ot  c o r r e s p o n d  
t o  the t o t a l  number  of  s u b j e c t s  showi ng c o n s i s t e n t  p r e f e r e n c e  in T a b l e  
9 . 1 3  because some of  t he  s e l e c t e d  t a s t e r s  p r e f e r r e d  A and B on an equa l  
number o f  o c c a s i o n s .  T h e  f i g u r e s  q u o t e d  i n T a b l e  9 . 1 5  t end t o  c o n f i r m  
t h e  i n f o r m a t i o n  i n T a b l e  9 . 1 3 .  B a r l e y  f ed lamb remai ns  t h e  l e a s t  
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p r e f e r r e d  i n r e l a t i o n  t o  swede and cabbage f ed  lamb and cabbage f ed 
lambs a r e  p r e f e r r e d  t o  swede f ed  lambs.
Aroma i s  an i m p o r t a n t  component  of  f l a v o u r .  D i f f e r e n c e s  in 
t h e  aroma of  raw and cooked sampl es  wer e s t u d i e d  u s i n g  t r i a n g l e  t e s t s  
as i n d i c a t e d  i n T a b l e  6 . 1 .  R e s u l t s  o f  t h e s e  t e s t s  a r e  p r e s e n t e d  i n 
T a b l e s  9 . 1 6  and 9 . 1 7 .
2
From T a b l e  9 . 1 6  w h i c h  r e l a t e s  t o  s t u d i e s  o f  raw s a mp l e s ,  x 
v a l u e s  ( d f 4 )  of  s t a t i s t i c a l  s i g n i f i c a n c e  wer e  d e m o n s t r a t e d  i n t h r e e  
o f  t he  14 t r i a l s .  Two r e l a t e d  t o  t he  aroma o f  t he  B a r l e y  v e r s u s  Swede 
( BS)  t r i a l s .  When the l a t t e r  a r e  s t u d i e d  in d e t a i l ,  in t h r e e  of  f o u r  
t r i a l s  d i f f e r e n c e s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  wer e  d e m o n s t r a t e d .  I t  
t h u s  seems l i k e l y  t h a t  i n t h e  raw sampl es d i f f e r e n c e s  i n aroma e x i s t e d .
In c o n t r a s t  t o  r e s u l t s  f r om T a b l e s  9 . 1 3  and 9 . 1 5  wher e B a r l e y  
v e r s u s  Cabbage (BC)  r e s u l t s  seemed t o  show g r e a t e r  d i f f e r e n c e s  
( a d m i t t e d l y  n ot  a l w a y s  o f  s t a t i s t i c a l  s i g n i f i c a n c e ) ,  i n  o n l y  one o f  f o u r  
t r i a l s  was a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n aroma e s t a b l i s h e d .
F or  Cabbage v e r s u s  Swede and S t u b b l e  T u r n i p s  t r i a l s  a l t h o u g h  two 
of  the t r i a l s  c o u l d  be c o n s i d e r e d  i n some l a b o r a t o r i e s  t o  have demon­
s t r a t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in ar oma,  i n t he  t r i a l s  
d e s c r i b e d  in t h i s  s t u d y ,  i t  seems u n l i k e l y  t h a t  d i f f e r e n c e s  i n t h e  aroma 
o f  raw sampl es e x i s t e d .
I f  t he  r e s u l t s  in T a b l e  9 . 1 7  a r e  c o n s i d e r e d  in f o u r  o f  t h e  14
t r i a l s  ( t w o  i f  a v a l u e  o f  p <0 . 1 0  i s  c o n s i d e r e d  t o  be u n a c c e p t a b l e )
2
v a l u e s  of  x  i n d i c a t e  r e s u l t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  When t o t a l  
r e s u l t s  a r e  c o mp a r ed,  i n  o n l y  one o f  t he B a r l e y  v e r s u s  Swede t r i a l s  
( F i l e  T 3 F )  was a d i f f e r e n c e  o f  s t a t i s t i c a l  s i g n i f i c a n c e  e s t a b l i s h e d































































































o  CO 




















CN CN O e n co
o n o n -iT o n o n co
CN o n O co u n




vO u n n - - i r
CN N J u n CN u n
CO ■ir vO -iT -ir
CN CN
O ND -ir n - u n
CN 1 -ir o o n
»—- '—' -c r •— -ir o n
n - CN r \ u n e n co
CN
CD CD CD CD CD CD
-d"
LA
■— ■— .— o-ir r \ oo \ D




















co on on on on 
CN CN











































O •« co ,—o CO 4-J . oe r— *a ,4-J O ZD 0 o0 •— CO 4-JJZ 4-J 0 CO CL4-J 0 L. •— V4-J X 11e C 0 0— 0 CO “O
CO 0 0“O 0 JZ i_
0 L. 1— ZJ4-J CL 4-J
0 0<4- C CNo o • O•— >- ~0 •> f— 0 Oo 0 • — Vco on > *4— a0L. e 4-J U o
ZJ 0 o 0
n o JZ 0 cl0 4-J CL cou CO eo CO 0 ZJL_ CO unCL 0 e o
1—■ 0 .
4-J NJ o



















4-J CN U ) O
co e »—
4 - e •* .
O o un L_ o
•— • 0 V
CO 4-J o o <4— CL
e 0 r— U.
O 0 II
•— •— •» 4-J
4-J 4 - CN e ö
CL • — • ._
E 4-J CN 0
ZJ C CN 4-J L-
CO 0 0 0
co "O C J Z J Z
< — — 4-J £
For  t he B a r l e y  v e r s u s  Cabbage ( BC)  t r i a l s  o n l y  one r e s u l t  was of  
s t a t i s t i c a l  s i g n i f i c a n c e  ( p < 0 . 0 5 ) .  T h i s  was t he  same t r i a l  as in 
T a b l e  9 . 1 6  wh er e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in aroma o f  raw 
sa mp l e s  was e s t a b l i s h e d  ( p < 0 . 0 1 3 ) .  In t h r e e  Cabbage v e r s u s  Swede ( CS)  
t r i a l s ,  s i g n i f i c a n t  d i f f e r e n c e s  i n aroma o f  cooked sampl es were d e t e c t e d  
i n  two of  t he t r i a l s  ( T3D and T 3 I ) -  F o r  t h e s e  t wo ,  no d i f f e r e n c e s  had 
been d e t e c t e d  i n c o r r e s p o n d i n g  raw s a m p l e s ,  wher e a s  f o r  T 3 L ,  wher e l o i n  
sampl es wer e c o mp a r e d ,  t h e  c o n v e r s e  a p p l i e d ,  i . e .  a m a r g i n a l  d i f f e r e n c e  
i n aroma i n t he  raw sampl es was n ot  p r e s e n t  when t h e  j o i n t s  we r e  c ooked.
A s i m i l a r  p a t t e r n  o f  i n c o n s i s t e n c y  between raw and cooked sampl es a r i s e s  
i n  t he  S t u b b l e  T u r n i p s  t r i a l s  when a m a r g i n a l  d i f f e r e n c e  in o n l y  one 
raw sampl e ( p <0 . 1 0 )  i s  c o n v e r t e d  t o  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
i n aroma o f  t h e  cooked sampl es in a l l  t h r e e  t r i a l s .
T h u s  in t h e  same t r i a l ,  f i n d i n g s  r e l a t e d  t o  raw and cooked sampl es 
f rom t h e  same c a r c a s s  a r e  not  a l w a y s  i n a g r e e me n t .  I n t e r a c t i o n s  
o c c u r r i n g  between p o l a r  compounds such as s t r u c t u r a l  p h o s p h o l i p i d s  of  
i n t r a m u s c u 1ar  f a t  and compounds o f  l ean t i s s u e  r e p o r t e d  by Mo t t r a m 
and Edwar ds ( 1983)  c o u l d  p e r h a p s  c o n t r i b u t e  t o  such d i s p a r i t i e s  (See 
C h a p t e r  1 ) .
C o n s i d e r i n g  t h e  r e s u l t s  o f  t h e  f o r a g e  c r o p s  c o m p a r i s o n s  in 
g r e a t e r  d e t a i l ,  i n  the 135 p r e s e n t a t i o n s  o f  raw sampl es f o r  aroma 
a sse ssme n t  i n t h e  B a r l e y  v e r s u s  Swede t r i a l s ,  58 c o r r e c t  i d e n t i f i c a t i o n s  
o f t h e  odd sampl e wer e  made ( p <0 . 0 1 l ) .  T h u s  s t a t i s t i c a l l y  s i g n i f i c a n t  
differences existed in the aroma of joints from t h e  two f e e d i n g  r e g i m e s .
T h i s  f i n d i n g  c o n f i r m s  t h e  d i s c u s s i o n  w h i c h  f o l l o w e d  T a b l e  9 . 1 6 .  In t he  
135 p r e s e n t a t i o n s  o f  t he c o r r e s p o n d i n g  cooked s a m p l e s ,  o n l y  45 c o r r e c t  
i d e n t i f i c a t i o n s  of  t h e  odd sampl e wer e made ( 3 3 ^ / 3 % ) .  T h i s  r e s u l t  was 
not  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  Hence,  as i n the p o r k  t r i a l s ,  
s u b s t a n c e s  r e s p o n s i b l e  f o r  t h e s e  d i f f e r e n c e s  i n the aroma o f  raw sampl es 
a r e  l i k e l y  t o  decompose o r  v o l a t i l i s e  d u r i n g  t he c o o k i n g  p r o c e s s .
I n /
174.
In t h e  B a r l e y  v e r s u s  Cabbage t r i a l s  i n t e s t i n g  bot h raw and 
cooked s a m p l e s ,  o f  t h e  159 p r e s e n t a t i o n s ,  o n l y  55 wer e  c o r r e c t  
i d e n t i f i c a t i o n s  o f  t h e  odd sampl e ( p < 0 . 4 0 l ) .  T h u s  no d i f f e r e n c e s  
i n t h e  aroma of  e i t h e r  raw o r  cooked sampl es f o r  t h e s e  f e e d i n g  
r e g i me s  was e s t a b l i s h e d .  G r o u p i n g  t h e  d a t a  i n  t h i s  way i n d i c a t e s  
t h a t  t h e  s i n g l e  r e s u l t  of  s t a t i s t i c a l  s i g n i f i c a n c e  i n T a b l e  9 . 1 6  
( T 3 K )  and t h e  two r e s u l t s  in T a b l e  9 . 1 7  (T3M and T 3 K )  a r e  l i k e l y  t o  
be m i s l e a d i n g  s i n c e  panel  s i z e s  wer e  o n l y  f i v e  and n i n e  r e s p e c t i v e l y .
When sampl es f rom ca bb a g e  f ed  and swede f e d  lambs a r e  c omp a r ed,  
i n  t h e  165 p r e s e n t a t i o n s  52 and 54 c o r r e c t  i d e n t i f i c a t i o n s  o f  t h e  
odd sampl e wer e  made i n raw and cooked sampl es r e s p e c t i v e l y .  T h e s e  
r e s u l t s  a r e  n o t  of  s t a t i s t i c a l  s i g n i f i c a n c e .  F o r  raw s a m p l e s ,  t h i s  
c o n f i r m s  t h e  a s s u m p t i o n  f o l l o w i n g  T a b l e  9 . 1 6 ,  i . e .  t h a t  t h e r e  i s no 
d i f f e r e n c e  i n t h e i r  ar oma.  In cooked s a m p l e s ,  wh e r e  some d i f f e r e n c e  
a p p e a r s  t o  be p r e s e n t  i n two o f  t h r e e  t r i a l s ,  t h e  p r o b a b i l i t i e s  
computed f r om t h e  z s t a t i s t i c  a r e  < 0. 0 5 6  and < 0 . 0 0 7  f o r  T3D and T  3 1 
r e s p e c t i v e l y .  H o we v e r ,  i n t he  f o r m e r  t r i a l  t he  p r o b a b i l i t y  v a l u e  
does n ot  meet t he  s t r i n g e n c y  of  t he  p < 0 . 0 5  c r i t e r i o n  w h i l s t  i n  t h e  
l a t t e r  i t  has a l r e a d y  been i n d i c a t e d  t h a t  t he a s s u m p t i o n  o f  t r i a n g l e  
t e s t  p r o c e d u r e s  has been v i o l a t e d  and t h a t  r e s u l t s  s h o u l d  be v i e we d  
w i t h  s u s p i c i o n .  Hence i t  seems l i k e l y  t h a t  i f  d i f f e r e n c e s  a r e  p r e s e n t  
i n t h e  cooked sampl es  t h e y  a r e  so s l i g h t  t h a t  t h e y  a r e  u n l i k e l y  t o  be 
d e t e c t e d  by t h e  m a j o r i t y  o f  c ons umer s .
In t h e  S t u b b l e  T u r n i p s  t r i a l s ,  i n  t h e  207 p r e s e n t a t i o n s ,  76 and 
66 c o r r e c t  i d e n t i f i c a t i o n s  wer e made i n raw and cooked sampl es 
r e s p e c t i v e l y .  T h e s e  r e s u l t s  a r e  n ot  of  s t a t i s t i c a l  s i g n i f i c a n c e .  As 
i n t h e  Cabbage v e r s u s  Swede t r i a l s  c o n s i d e r e d  i n t he p r e v i o u s  p a r a g r a p h ,  
a s i n g l e  t r i a l  wher e  v e r y  s l i g h t  d i f f e r e n c e s  were e s t a b l i s h e d  ( p < 0 . 1 0 )  
s u g g e s t s /
175.
s u g g e s t s  t h a t  l i t t l e  d i f f e r e n c e  e x i s t e d  between raw s a mp l e s .  However
d i f f e r e n c e s  a p p e a r  t o  be d e m o n s t r a t e d  i n t he aroma o f  cooked s a mp l e s .
P o s s i b l e  r e a s o n s  f o r  d i f f e r e n c e s  a r e  c o n s i d e r e d  i n d i s c u s s i o n s
f o l l o w i n g  T a b l e  9 . 1 7 .  T h e  most  l i k e l y  cause o f  t h e s e  r e s u l t s  i s  t h a t
i n bot h T r i a l s  T 3 B  and T 3 C  wher e t h e r e  wer e  69 p r e s e n t a t i o n s ,  t he  odd
sampl e  was c o r r e c t l y  i d e n t i f i e d  i n o n l y  15 and 17 p r e s e n t a t i o n s
r e s p e c t i v e l y .  Because t he a s s u m p t i o n  of  the t r i a n g l e  t e s t  i s  t hus
2
v i o l a t e d ,  t h e s e  r e s u l t s  a r e  s u s p e c t .  One v a l u e  o f  x  ( T a b l e  9 . 8 )
was 1 3 . 9 8  ( p <0. 0 1  d f  4 ) .  T h i s  i n d i c a t e s  s t a t i s t i c a l l y  s i g n i f i c a n t
d i f f e r e n c e s  i n ar oma.  T h u s  T r i a l  T3G wh e r e  s u b j e c t s  i d e n t i f i e d  t he
odd sampl e c o r r e c t l y  i n  34 o f  69 p r e s e n t a t i o n s  ( p <0 . 0 l )  and wher e t he
2
c a l c u l a t e d  v a l u e  o f  x  >s 1 3 . 9 8  i s  t he  o n l y  t r i a l  wh er e  d i f f e r e n c e s  
bet ween sampl es has been d e m o n s t r a t e d .  In v i e w  o f  t he  anomal ous 
r e s u l t s  of  t he  o t h e r  two t r i a l s ,  i t  c a n n o t  t hus  be assumed t h a t  
d i f f e r e n c e s  w i l l  be d e m o n s t r a t e d  i n f u t u r e  c o m p a r i s o n s .
D i s c u s s i o n  of  t h e  r e s u l t s  of  t r i a n g l e  t e s t s  c o mp a r i n g  t h e  aroma 
of  raw and cooked sampl es f rom t h e s e  f o r a g e  c r o p s  has made r e j e c t i o n  
o f  t he  h y p o t h e s i s  t h a t  d i f f e r e n c e s  a r e  more r e a d i l y  d e t e c t e d  i n raw 
than i n cooked sampl es a l m o s t  i n e v i t a b l e .  However  the r e s u l t s  o f  t h e  
W i l c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k  T e s t s  a r e  i n d i c a t e d  i n T a b l e  9 . 1 8 .
T a b l e  9 . 1 8 /
176.
177.
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O n l y  i n t h e  S t u b b l e  T u r n i p s  t r i a l s  a r e  v a l u e s  o f  T  o f  s t a t i s t i c a l  
s i g n i f i c a n c e .  A n o m a l i e s  i n  t h i s  s e r i e s  o f  t r i a l s  have a l r e a d y  been 
c o n s i d e r e d .  I t  s h o u l d  however  be n o t e d  t h a t  i n  one t r i a l  T 3 B  t h a t  
t h e  sum o f  p o s i t i v e  r anks e xceeds  t h e  sum o f  n e g a t i v e  r a nk s  wher eas 
in t he  o t h e r  t h e  c o n v e r s e  a p p l i e s .  T h i s  r e s u l t  i s  c o n t r a d i c t o r y  i n 
a one t a i l e d  t e s t  and t h e s e  r e s u l t s  s h o u l d  be v i e we d  w i t h  c a u t i o n .
As was t o  be e x p e c t e d ,  i t  has n o t  been shown t h a t  i t  i s  e a s i e r  t o  
i d e n t i f y  t h e  odd sampl e i n t r i a n g l e  t e s t s  t o  d e t e c t  d i f f e r e n c e s  in 
aroma i n raw than i n cooked s a mp l e s .
3.  D u r i n g  J a n u a r y  1980,  ESCA 2nd Y ea r  BSc s t u d e n t s  o f  A g r i c u l t u r e  
had an i n t r o d u c t o r y  l e c t u r e  f o l l o w e d  by a p r a c t i c a l  s e s s i o n  t o  
i n d i c a t e  t h e  use of  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  i n t h e  as s e s s me n t  of  
e a t i n g  q u a l i t y  o f  me a t s .  Beef  and lamb sampl es  wer e  t e s t e d .  As 
i n d i c a t e d  i n C h a p t e r ' ] * ,  t h e i r  p e r f o r m a n c e  i n t h e s e  t e s t s  was good.
T h e y  showed t h e  a b i l i t y  t o  d i s t i n g u i s h  i n t r i a n g l e  t e s t s  between t h e  
aroma o f  be ef  and lamb sampl es ( p <0 . 0 0 l )  e i t h e r  w i t h  o r  w i t h o u t  
v i s i b l e  f a t .  T h e y  c o u l d  a l s o  i d e n t i f y  t h e  odd sampl es ( b e e f )  
c o r r e c t l y  on t h e  b a s i s  o f  f l a v o u r  i n a t r i a n g l e  t e s t  wh er e  l ean lamb 
and beef  wer e  p r e s e n t e d  ( p <0 . 0 0 1 ) .  T h e s e  r e s u l t s  have been c o n s i d e r e d  
i n g r e a t e r  d e t a i l  i n  C h a p t e r  1i but  a r e  i n c l u d e d  h e r e  t o  p r o v i d e  some 
i n d i c a t i o n  of  s u b j e c t s '  p e r f o r m a n c e .
T h i s  s t u d e n t  g r o u p  c a r r i e d  ou t  t h e  t r i a l s  o f  r o a s t e d  j o i n t s  f r om 
g r a s s  and g r a s s  s i l a g e  fed lambs (G GS t r i a l s )  u s i n g  P a i r e d  C o mp a r i s o n  
( P r e f e r e n c e )  t e s t s .  Cook i n g  p r o c e d u r e s  and p r e s e n t a t i o n  o f  sampl es 
was as d e s c r i b e d  in C h a p t e r  h. P o s i t i o n  o f  A and B sampl es was 
r a n d o m i s e d .  A p p e n d i x  T a b l e  9 . I i n d i c a t e s  how p r e s e n t a t i o n s  wer e made 
i n b ot h  t r i a n g l e  t e s t s  and p a i r e d  c o m p a r i s o n s .  In t h e  l a t t e r ,  r e p l i c a t e d  
sampl es we r e  u s e d .  P r e f e r e n c e s  on the b a s i s  o f  bot h f l a v o u r  and g e n e r a l  
a c c e p t a b i l i t y  wer e  a s s e s s e d .  R e s u l t s  a r e  p r e s e n t e d  i n T a b l e  9 . 1 9 .
178.
T a b l e  9. 19/
179.
T a b l e  9 .1 9  F l a v o u r  P r e f e r e n c e s  in  G GS T r i a l s
F l a v o u r  G e n e r a l  A c c e p t a b i l i t y
Sampl e T a s t e r s  P r e f e r  red % P r e f e r r e d  %
Gr a s s  ( A)  61 41 67 35 57
Gr a s s  S i l a g e  B 61 20 33 26 43
T h u s  t h e  f l a v o u r  o f  t h e  r o a s t  f r om t he g r a s s  f ed  sampl e was 
p r e f e r r e d .  T h i s  p r e f e r e n c e  i s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 0 0 5 ) .
G e n e r a l  a c c e p t a b i l i t y  i s  a much l e s s  p r e c i s e  c h a r a c t e r i s t i c  t a k i n g  i n t o  
a c c o u n t  as i t  does such f a c t o r s  as a p p e a r a n c e ,  f l a v o u r  and t e x t u r e .  T h e  l a t t e r  
i n c l u d e s  c h a r a c t e r i s t i c s  such as t e n d e r n e s s ,  j u i c i n e s s  and m o u t h f e e l .  
E x p e r i m e n t s  a t  QMC s u g g e s t  t h a t  t a s t e r s  f i n d  t h i s  t e s t  f a r  more 
d i f f i c u l t  t o  c a r r y  o u t .  T h e  r e s u l t s  i n  t h e  p r e s e n t  t r i a l ,  wh er e  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  e i t h e r  sampl e  ( p <0.  154) were 
t hus  p e r h a p s  t o  be e x p e c t e d .
S i n c e  bot h sampl es i n  b o t h  t e s t s  wer e  t h e  same,  t a s t e r s  e i t h e r  
s e l e c t e d  sampl e A o r  B i n bot h t e s t s  ( c o n s i s t e n t )  o r  p r e f e r e n c e  
d i f f e r e d  bet ween t e s t s  ( i n c o n s i s t e n t ) .  A summary o f  t h e i r  r e s u l t s  i s 
gi  ven i n T a b l e  9 . 2 0 .
T a b l e  9 . 2 0  G GS T r i a l s :  C o mp a r i n g  T a s t e r s  P r e f e r e n c e s
_ , f. i R e s u l t s  of  Bot h T e s t s
Sampl e S e l e c t e d  r  — ;— - —  -------------:---------------- =— —
 - -----------------------------  C o n s i s t e n t  I n c o n s i s t e n t
A* 26 14
B 11 9
^ R e s u l t s  f r o m t a s t e r s  i n bot h t e s t s  were n o t  
a l w a y s  c o m p l e t e .
U s i n g  t h i s  d a t a  a 2 x 2 c o n t i n g e n c y  t a b l e  was c o n s t r u c t e d .  T h e
2
o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  were compared and t he  v a l u e  o f  x 
c a l c u l a t e d .  S i n c e  t h i s  v a l u e  i s  1 . 5 7 7 ,  t h e r e  i s  no s t a t i s t i c a l l y  
s i g n i f i c a n t  r e l a t i o n s h i p  between p r e f e r e n c e  f o r  e i t h e r  sampl e and 
cons i s t e n c y /
180.
c o n s i s t e n c y  o f  p r e f e r e n c e  ( p < 0 . 2 1 2 ) .
In J a n u a r y  1981,  a second g r o u p  o f  ESCA 2nd Y e a r  BSc s t u d e n t s  of  
A g r i c u l t u r e  compared j o i n t s  f r om g r a s s  s i l a g e  and l u c e r n e  s i l a g e  fed 
sheep (GS LS t r i a l s ) .  On t h i s  o c c a s i o n ,  t he  a n i m a l s  wer e  o f  c o mp a r a b l e  
age and f e e d i n g  r e g i me s  and we r e  s l a u g h t e r e d  on t h e  same day .  Post  
s l a u g h t e r  c o n d i t i o n s ,  f r o z e n  s t o r a g e ,  c o o k i n g  p r o c e d u r e s  and p r e s e n t a t i o n  
t o  t a s t e r s  wer e  s t a n d a r d i s e d .
T h i s  g r o u p  o f  s t u d e n t s  showed no d i f f e r e n c e  i n  l i k i n g  -  a s s e s s e d  
by h e d o n i c  s c a l e  -  between y o u n g ,  ma t u r e  and cow b e e f  (Chi  R s q u a r e  w i t h  
2 d f  i s  0 . 6 3 ) .  T h e y  wer e  howev e r  a b l e  t o  d e t e c t  t h a t  cow beef  was 
t o u g h e r  than young b e e f  i n a P a i r e d  C o mp a r i s o n  ( D i f f e r e n c e )  T e s t .
T h e  c o r r e c t  i d e n t i f i c a t i o n  o f  t h e  t o u g h e r  sampl e was made on Al  of  52 
o c c a s i o n s  ( 7 9 % ) .  The  c a l c u l a t e d  v a l u e  of  t he  z s t a t i s t i c  ( A . 02)  i n d i c a t e s  
t h a t  t h i s  r e s u l t  was not  due t o  c h a n c e .
T h e  g r o u p  c a r r i e d  o u t  t r i a n g l e  t e s t s  on t h e  aroma o f  g r a s s  s i l a g e  
(A)  and l u c e r n e  s i l a g e  ( B)  sampl es w i t h  and w i t h o u t  v i s i b l e  f a t .  P r e s e n t ­
a t i o n  was as i n d i c a t e d  i n A p p e n d i x  T a b l e  9 . 1  and f o l l o w e d  t h e  same 
p r o c e d u r e s  as f o r  t he  f i r s t  s e r i e s  of  g r a s s  v e r s u s  r ape t r i a l s  d e s c r i b e d  
in C h a p t e r  6 e x p e c t  t h a t  t u b e s  i n b e a k e r s  1,  A and 6 c o n t a i n e d  l ean o n l y  
and i n b e a k e r s  2 ,  3 and 5 l ean + f a t .  In each t r i a l  t h e  i d e n t i c a l  
sampl es  we r e  A ( g r a s s  s i l a g e )  and the odd sampl e was B ( l u c e r n e  s i l a g e ) .
T h e r e  wer e  A9 s u b j e c t s  and hence 1A7 p r e s e n t a t i o n s  o f  l ean and 
l ean + f a t  s a mp l e s .  T he  odd sampl e was i d e n t i f i e d  c o r r e c t l y  on A9 
( 3 3 ^ / 3 % )  o f  o c c a s i o n s  f o r  bot h l ean and l ean + f a t  s a mp l e s .
Each t e s t e r  c o u l d  i d e n t i f y  t h e  odd sampl e on z e r o ,  o n e ,  two or
t h r e e  o c c a s i o n s .  Hence i t  i s  p o s s i b l e  by c o mp a r i n g  t h e  o b s e r v e d  and
2
e x p e c t e d  f r e q u e n c i e s  t o  c a l c u l a t e  x  v a l u e s .  T h e s e  v a l u e s  a r e  A . 79 
and 3 . 0 3  r e s p e c t i v e l y  ( 3 d f )  ( p <0 . 2 0  and p <0 . 5 0 ) .  Hence i t  i s  c o n f i r m e d  
t h a t /
t h a t  t h e r e  is no d e t e c t a b l e  d i f f e r e n c e  between t h e  aroma o f  t he 
lean and l ean + f a t  sampl es  d e r i v e d  f r om g r a s s  s i l a g e  and l u c e r n e  
s i l a g e  f ed l ambs.
T r i a n g l e  t e s t s  wer e  used t o  i d e n t i f y  d i f f e r e n c e s  i n f l a v o u r .
T h e  c o r r e c t  i d e n t i f i c a t i o n  of  t h e  odd sa mp l e  B was made on 21 of  
52 o c c a s i o n s  {k0% ) . T o  o b t a i n  r e s u l t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  
( p <0 . 0 5 ) ,  2k c o r r e c t  i d e n t i f i c a t i o n s  woul d  have been r e q u i r e d .  Per haps  
not  u n e x p e c t e d l y ,  s i n c e  aroma i s  a m a j o r  component  o f  f l a v o u r ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  we r e  d e t e c t e d  by t r i a n g l e  t e s t s  
i n t he f l a v o u r  o f  sampl es  f r om t h es e  two f e e d i n g  r e g i me s .
S t r u c t u r e d  P a i r e d  C o mp a r i s o n  ( P r e f e r e n c e )  T e s t s  were a l s o  u sed.
R e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  9 . 2 1 .  T a s t e r s  we r e  r e q u e s t e d  t o  s t a t e  
t h e i r  p r e f e r e n c e  on t h e  b a s i s  o f  f l a v o u r .
T a b l e  9 - 2 1  GS LS T r i a l s :  P a i r e d  C o mp a r i s o n s




T h e  c a l c u l a t e d  v a l u e  o f  the z s t a t i s t i c  i n d i c a t e s  t h a t  t h e s e  r e s u l t s  
a r e  n ot  of  s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 1 3 6 ) .  T h i s  t e n d e n c y  f o r  t h e  
j o i n t  f r o m t h e  g r a s s  s i l a g e  sampl e t o  be p r e f e r r e d  i s  p e r h a p s  o f  i n t e r e s t .
I t s  v a l i d i t y  i s  open t o  c h a l l e n g e  i n t h a t  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  we r e  e s t a b l i s h e d  i n t he  aroma o r  f l a v o u r  o f  t h e  s a mp l e s .
T h e r e  can t h u s  be no r a t i o n a l  b a s i s  f o r  p r e f e r e n c e ,  a l t h o u g h  as i s  not ed 
i n C h a p t e r  3,  i n e x p e r i e n c e d  t a s t e r s  may p e r f o r m  b e t t e r  i n  p r e f e r e n c e  
t han i n d i s c r i m i n a t o r y  t e s t s .
T h i s  p a r t i c u l a r  g r o u p  a l s o  compared ' c o n v e n t i o n a l '  p o r k  and boar  




on t he  b a s i s  o f  ' G e n e r a l  A c c e p t a b i l i t y 1. F o r  t he  bS s u b j e c t s ,  p o r k  
was t h e  p r e f e r r e d  sampl e f o r  31 ( 63%)  ( p <0 . 0 8 ) .  T h e i r  p e r f o r m a n c e ,  
w h i l s t  n o t  p e r h a p s  as good as some o t h e r  g r o u p s  a t  ESCA i s  a t  l e a s t  
s a t i  s f a c t o r y .
L o o k i n g  a t  t h e s e  tv%o t r i a l s  by ESCA s t u d e n t s ,  g r a s s  f ed lamb was p r e f e r r e d  
t o  g r a s s  s i l a g e  f ed lamb w h i l s t  t h e  l a t t e r  was p r e f e r r e d  t o  l u c e r n e  
s i l a g e  f ed  lamb.  T h e r e  was however  l i t t l e  d i f f e r e n c e  i n t h e  aroma o r  
f l a v o u r  o f  t h e  sampl es  when t h e y  wer e compar ed.  Hence i t  seems l i k e l y  
t h a t  t h e  a v e r a g e  consumer  w o u l d  f i n d  lamb f r o m any o f  t h e s e  t h r e e  f e e d i n g  
r e g i me s  e q u a l l y  a c c e p t a b l e .
b. D i s c u s s i o n  and C o n c l u s i o n s
In a d d i t i o n  t o  t he G r a s s  v e r s u s  Rape t r i a l s  d e s c r i b e d  i n C h a p t e r s  
7 and 8 ,  t h e  e f f e c t s  o f  o t h e r  f o r a g e  c r o p s  on lamb f l a v o u r  were s t u d i e d .
T h e  same t e s t i n g  p r o c e d u r e s  wer e  used as i n t h e  e a r l i e r  t r i a l s .  D e t a i l s  
o f  f e e d i n g  r e g i me s  and s l a u g h t e r  d a t e s  a r e  i n d i c a t e d  a t  t he  b e g i n n i n g  
of  th i s c h a p t e r  .
I t  has a l r e a d y  been e x p l a i n e d  t h a t  because of  r e l u c t a n c e  o f  t a s t e r s  
i n e a r l i e r  t r i a l s  t o  a t t e n d  s e s s i o n s  on a r e g u l a r  b a s i s ,  t h a t  t h e s e  
t r i a l s  wer e i n c o r p o r a t e d  i n t o  t e a c h i n g  programmes a t  bot h  QMC and ESCA.
T h e  d i s a d v a n t a g e s  o f  maki ng a s s e s s me nt s  i n t h i s  way wer e  t w o f o l d .
T a s t e r s  p a r t i c i p a t e d  i n o n l y  two s e s s i o n s .  Hence i t  was n ot  p o s s i b l e  
t o  m o n i t o r  t h e i r  p e r f o r m a n c e .  An a d d i t i o n a l  d i s a d v a n t a g e  was t h a t  
s i n c e  p r a c t i c a l  c l a s s e s  a t  QMC a r e  o r g a n i s e d  i n s mal l  g r o u p s ,  any  a b s e n t e e s  
c aused panel  me mber shi p  i n some o f  t he  t r i a l s  t o  be t o o  s ma l l  f o r  v a l i d  
c o n c l u s i o n s  t o  be r e a c h e d .  D e s p i t e  t h e i r  i n e x p e r i e n c e  most  QMC s t u d e n t s  
who wer e  s e l e c t e d  p e r f o r me d  w e l l  i n such p r o c e d u r e s  a l t h o u g h  i t  c o u l d  n ot  
have been f o r e s e e n  t h a t  so many o f  them w o u l d  be v e g e t a r i a n s . '
C a l e u  1 a t  i on/
C a l c u l a t i o n  o f  x  v a l u e s  a l l o w e d  p r e f e r e n c e  f o r  sampl es  f r om
a p a r t i c u l a r  f e e d i n g  r egi me t o  be a s s e s s e d  as w e l l  as d e t e c t i n g
d i f f e r e n c e s  between them u s i n g  t r i a n g l e  t e s t s .  P a r t i c u l a r l y  where
t e s t  g r o u p s  wer e l a r g e r ,  s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e s  f o r
and d i f f e r e n c e s  i n f l a v o u r  as a r e s u l t  o f  v a r i a t i o n  i n f e e d i n g  r egi me
wer e d e m o n s t r a t e d .  In t h e  m a j o r i t y  of  t r i a l s ,  t h e r e  was no d i f f e r e n c e
bet ween t h e  aroma o f  sampl es  e i t h e r  raw o r  cooked wh i c h  c o u l d  be
2
d e m o n s t r a t e d  by t h e  x  t e s t .  T h e  anomal ous r e s u l t s  i n t r i a l s  of  
j o i n t s  f rom lambs f ed  on s t u b b l e  t u r n i p s  wer e i d e n t i f i e d  a t  an e a r l y  
s t a g e  o f  t h e  a n a l y s i s  o f  t h e  d a t a .
E x p e r i m e n t a l  r e s u l t s  w e r e ,  as e x p e c t e d ,  b i n o m i a l l y  d i s t r i b u t e d .
T h i s  was i n d i c a t e d  by t h e  use of  t h e  K o l m o g o r o v - S m i r n o v  T e s t .  In o n l y  
f o u r  o f  56 t e s t s  was a d i f f e r e n t  d i s t r i b u t i o n  o b t a i n e d .  P o s s i b l e  
r e asons  wer e  d i s c u s s e d  i n c o n t e x t  f o l l o w i n g  T a b l e  9 . 9 .
F l a v o u r  p r e f e r e n c e s  wer e  s t u d i e d  i n g r e a t e r  d e t a i l .  From g r o u p e d  
r e s u l t s  o f  r e p l i c a t e d  t r i a l s ,  c a l c u l a t i o n  o f  t he  z s t a t i s t i c  e n a b l e d  
t he  a c t u a l  p r o b a b i l i t y  of  t h e  r e s u l t  i n  each t e s t  a r i s i n g  by chance 
a l o n e  t o  be c o n s i d e r e d .  In o n l y  t h e  B a r l e y  v e r s u s  Swede ( BS)  t r i a l s  
wer e two s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e s  f o r  j o i n t s  f r om e i t h e r  
f e e d i n g  r e gi me  d e m o n s t r a t e d .  I t  s h o u l d  be not ed t h a t  on one o c c a s i o n  
t he  p r e f e r e n c e  was f o r  sampl es  f rom t he  b a r l e y  f ed  r egi me and on the 
o t h e r  f o r  t h e  swede fed s a mp l e s !  T h i s  o b s e r v a t i o n  s u g g e s t s  t h a t ,  in 
l i n e  w i t h  o t h e r  t r i a l s ,  p r e f e r e n c e  f o r  a p a r t i c u l a r  f e e d i n g  r e g i me  i s  
e i t h e r  random o r  v e r y  s l i g h t  when d a t a  i s  g r o u p e d  i n  t h i s  way.
I f  c o m p a r i s o n s  o f  p r e f e r e n c e  a r e  made,  b a r l e y  f ed  lamb is l e ss  
p r e f e r r e d  t han swede o r  cabbage f ed s a mp l e s .  When t h e  l a t t e r  a r e  
c o mp a r ed,  cabbage f ed lamb i s  p r e f e r r e d  t o  swede f ed lamb.  T h e  p r o b l e ms  
i n t h e  S t u b b l e  T u r n i p s  r egi me have a l r e a d y  been h i g h l i g h t e d .  I t  woul d  
seem t h a t  i n  c o m b i n i n g  sampl es -  as has been i n d i c a t e d  -  t h a t  i n s t e a d  




o f  a c h i e v i n g  u n i f o r m i t y ,  t h e  r e s u l t  was t o  p r o d u c e  sampl es  wh i c h  
d i f f e r e d  c o n s i d e r a b l y .
T h e r e  was l i t t l e  d i f f e r e n c e  between t he aroma of  raw and cooked 
sampl es  on any  o f  t h e  f e e d i n g  r e g i me s  a n d ,  e x c e p t  on the o c c a s i o n s  
i n d i c a t e d  a b o v e ,  d e t e c t i o n  o f  t h e  odd sampl e i n  t h e  t r i a n g l e  t e s t s  
was no e a s i e r  i n  raw than i n cooked s a mp l e s .  T h e r e  i s  however  some 
e v i d e n c e  of  s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  d i f f e r e n c e s  p a r t i c u l a r l y  
i n  t he  B a r l e y  v e r s u s  Cabbage t r i a l s .  ESCA t a s t e r s  p r e f e r r e d  t he 
f l a v o u r  o f  g r a s s  f ed t o  g r a s s  s i l a g e  f ed s a mp l e s .  F e e d i n g  r egi me was 
not  t h e  o n l y  v a r i a b l e  i n  t h i s  e x p e r i m e n t  s i n c e  t h e  g r a s s  f ed  lambs 
wer e  s l a u g h t e r e d  a t  t he  end o f  November  1977 wher e a s  t h e  s i l a g e  f ed 
lambs wer e s l a u g h t e r e d  e a r l y  i n  J a n u a r y  1978.  D i s p a r i t i e s  i n age o f  
a n i mal  at  s l a u g h t e r  o f  t h i s  ma g n i t u d e  do not  a p p e a r  t o  a f f e c t  r e s u l t s  
p r e s e n t e d  e l s e w h e r e  i n t h i s  s t u d y .  T h i s  p r e f e r e n c e  was n o t  of  
s t a t i s t i c a l  s i g n i f i c a n c e  when t he  s t u d e n t s  used t h e  c r i t e r i o n  ' g e n e r a l  
a c c e p t a b i l i t y 1 wher e a t t r i b u t e s  o t h e r  than f l a v o u r  a r e  t a ke n  i n t o  
a c c o u n t .  T h e  f o l l o w i n g  s e s s i o n  ESCA s t u d e n t s  wer e u n a b l e  t o  d e m o n s t r a t e  
p r e f e r e n c e  f o r  sampl es f r om e i t h e r  g r a s s  s i l a g e  o r  l u c e r n e  s i l a g e  i n 
r e l a t i o n  t o  f l a v o u r .  T h i s  f i n d i n g  was not  u n e x p e c t e d  i n  t h a t  t r i a n g l e  
t e s t s  had d e m o n s t r a t e d  no aroma d i f f e r e n c e s  between sampl es f rom t h e  two 
f ee d  i ng reg i me s.
In t he  t r i a l s  d e s c r i b e d  i n t h i s  c h a p t e r ,  w i t h  t he  p o s s i b l e  e x c e p t i o n  
o f  t h e  B a r l e y  v e r s u s  Cabbage c o m p a r i s o n s ,  f e e d i n g  r e g i me  a p p e a r s  t o  have 
e x e r t e d  l i t t l e  e f f e c t  on f l a v o u r  i n c l u d i n g  i t s  component  aroma.
D e t e c t a b l e  d i f f e r e n c e s  -  as i d e n t i f i e d  by t he  w e l l  r e c o g n i s e d  t r i a n g l e  
t e s t  -  have been d e m o n s t r a t e d  on f ew o c c a s i o n s .  W h i l s t  p r e f e r e n c e  i s  
a h i g h l y  s u b j e c t i v e  c h a r a c t e r i s t i c  t h e r e  seems t o  be no l i n k  between 
p r e f e r e n c e  and d e t e c t a b l e  d i f f e r e n c e  e x c e p t  i n t h e  B a r l e y  v e r s u s  
Cabbage/
Cabbage t r i a l s .
The  s e r i e s  o f  e x p e r i m e n t s  has o n l y  p o i n t e d  t he  way t o  f u t u r e  
i n v e s t i g a t i o n s  when i t  woul d c l e a r l y  be h i g h l y  d e s i r a b l e  t o  r e c r u i t  
a l a r g e r  number  o f  t a s t e r s  and t o  have more sampl es f rom each r egi me 
a v a i l a b l e  f o r  c o m p a r i s o n .  Lamb a p p e a r s  t o  be a h i g h l y  v a r i a b l e  meat 
w h i c h  r e l a t i v e l y  i n e x p e r i e n c e d  s u b j e c t s  f i n d  e x t r e m e l y  d i f f i c u l t  t o  
a s s e s s .
185.
O b j e c t i v e  Dat a 
Summary
T h e  p r e s e n t a t i o n  o f  d a t a  i s  e x p l a i n e d .  D i f f e r e n c e s  i n t he  
w e i g h t s  o f  g i g o t s  and l o i n s  o f  s t a n d a r d  l o c a t i o n  on l e f t  and r i g h t  
s i d e s  a r e  e v i d e n t  but  t h e y  a r e  n o t  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  T h e r e  
a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b ot h  i n t h e  t o t a l  and 
e v a p o r a t i v e  w e i g h t  l o s s e s  between g i g o t s  and l o i n s  cooked by s t a n d a r d  
t e c h n i q u e s .  pH v a l u e s  have been s t u d i e d .  Pe r ha p s  t he  most  i m p o r t a n t  
f i n d i n g  is t h a t  t h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n bot h 
raw and cooked pH v a l u e s  o f  g i g o t s  and l o i n s .  A l t h o u g h  t h e s e  
d i f f e r e n c e s  e x i s t  between g i g o t s  and l o i n s ,  changes  i n pH i ndu c ed  by 
t he c o o k i n g  p r o c e s s  do not  d i f f e r  i n  t he  two c u t s .  L e f t  and r i g h t  
s i d e s  of  t he  same c a r c a s s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  show no pH 
d i f f e r e n c e s  o f  s t a t i s t i c a l  s i g n i f i c a n c e .
1 . C o l l e c t i o n  of  O b j e c t i v e  Data
F a c t o r s  w h i c h  i n f l u e n c e  w e i g h t  l o s s e s  i n r o a s t e d  meats and pH of
raw meat s  have r e c e i v e d  e x t e n s i v e  s t u d y .  T he  f o r m e r  a r e  c o m p r e h e n s i v e l y  
r e v i e w e d  by H a r r i e s  e t  a l  ( i 9 6 0 )  in r e l a t i o n  t o  b e e f .
We i g h t  l o s s e s  wer e  r e c o r d e d  r o u t i n e l y  w h i l s t  i n v e s t i g a t i n g  t he
e a t i n g  q u a l i t y  of  b e e f .  S t a n d a r d  c o o k i n g  p r o c e d u r e s  wer e u sed.
F i n d i n g s  wer e p u b l i s h e d  t o  p r o v i d e  p o s s i b l e  e x p l a n a t i o n s  o f  t he 
a n o m a l i e s  in t h e  l i t e r a t u r e .
As a r e s u l t  o f  t h e  p r e s e n t  s e r i e s  o f  t r i a l s ,  d a t a  is a v a i l a b l e  
f o r  166 lamb j o i n t s .  G i g o t s  and l o i n s  of  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  
f rom t he  l e f t  and r i g h t  s i d e s  o f  each a ni mal  wer e u s e d .  A n i m a l s  had 
been on d i f f e r e n t  f e e d i n g  r e g i me s  w i t h  a mimimum o f  f o u r  f r om each 
reg i m e . /
186.
CHAPTER 10
r e g i m e .  Da t a  i s  n o t  a v a i l a b l e  f o r  a l l  j o i n t s  used i n  t he  t e s t i n g  
p r o c e d u r e s .  P r e p a r a t i o n  o f  l a r g e  numbers o f  j o i n t s  on some o c c a s i o n s  
made c o l l e c t i o n  o f  such d a t a  i m p r a c t i c a b l e .
T he p r e s e n t  i n f o r m a t i o n  i n c l u d e s :
Raw and cooked w e i g h t s  o f  each j o i n t  (on t h e  bone)
T o t a l ,  d r i p  and e v a p o r a t i v e  w e i g h t  l o s s e s  as above 
T h e  pH v a l u e s  of  raw and cooked j o i n t s  as above 
T h e  i n f o r m a t i o n  was c o l l e c t e d  as a " s p i n - o f f "  f r om t h e  mai n s t u d y , i . e .  
t h e  e f f e c t  o f  f e e d i n g  r e g i me  on lamb f l a v o u r .  T h e  o r i g i n a l  aim was 
t o  c o n t r i b u t e  t o  f u n d a me n t a l  k no wl e d g e  o f  t he  c h a r a c t e r i s t i c s  o f  raw 
and cooked lamb j o i n t s .
T h e  p o s s i b l e  c o m p a r i s o n s  between pH v a l u e s ,  w e i g h t  l o s s e s  and 
s e n s o r y  c h a r a c t e r i s t i c s  o f  t he  j o i n t s  s t u d i e d  a r e  e x t e n s i v e .  T o  c a r r y  
o u t  t he  d e t a i l e d  a n a l y s e s  r e q u i r e d ,  p a r t i c u l a r l y  c o r r e l a t i o n s  between 
o b j e c t i v e  p a r a m e t e r s  and r e s u l t s  o f  s e n s o r y  a p p r a i s a l  t e c h n i q u e s ,  woul d 
be,  in i t s e l f ,  a m a j o r  e x e r c i s e .  Hence i n t he  p r e s e n t  s t u d y  i t  i s  
p r op os e d  t o  h i g h l i g h t  o n l y  t h e  m a j o r  f i n d i n g s .
A more e x t e n s i v e  s t u d y  of  the d a t a  w i l l  be made when t h i s  t h e s i s  
i s  o t h e r w i s e  c o m p l e t e .  Some o f  t h e  i n f o r m a t i o n  i s i n c l u d e d  in o t h e r  
c h a p t e r s ,  e . g .  in C h a p t e r  4 E s t a b l i s h i n g  a M e t h o d o l o g y ,  when t h e  
p r a c t i c e  o f  s t a n d a r d i s i n g  a n a t o m i c a l  l o c a t i o n  of  j o i n t s  i s  d e s c r i b e d .
T h e  e x p e r i m e n t e r  i s  f u l l y  aware o f  t he  i m p o r t a n c e  o f  u t i l i s i n g  and 
a n a l y s i n g  a l l  t h e  d a t a  c o l l e c t e d  and o f  p u b l i s h i n g  f i n d i n g s  o f  i m p o r t a n c e .
( T o  be r e p o r t e d  i n De v e l o p me n t s  i n Meat  S c i e n c e :  Vol ume I I I  -  Ed.  R . A .
L a w r i e  A p p l i e d  S c i e n c e  P u b l i s h e r s )
2.  P r e l i m i n a r y  E x a m i n a t i o n  o f  t h e  O b j e c t i v e  Data
W h i l s t  s i m p l i f y i n g  t he  p r e l i m i n a r y  s o r t i n g  o f  t he  d a t a  by p r e p a r i n g  
on l y  /
187.
o n l y  f r e q u e n c y  d i s t r i b u t i o n s  i t  was c o n s i d e r e d  i m p o r t a n t  t o  
i d e n t i f y  e a c h  o f  t h e  j o i n t s  w i t h i n  a p a r t i c u l a r  c a t e g o r y .  F u t u r e  
s t u d y  o f  t he  d a t a  w i l l  t h u s  be f a c i l i t a t e d .  E x a m i n a t i o n  o f  t h e  
d a t a  was made u n d e r  t he  f o l l o w i n g  h e a d i n g s :
1. A c o m p a r i s o n  of  t h e  d i f f e r e n c e s  bet ween:
( a )  Raw (on bone)  w e i g h t s ,  c o o k i n g  l o s s e s  -  t o t a l  and 
e v a p o r a t i v e  -  and p r e -  and p o s t -  c o o k i n g  pH v a l u e s  
o f  l e f t  and r i g h t  g i g o t  and l o i n  j o i n t s  o f  s t a n d a r d  
a n a t o m i c a l  l o c a t i o n .
( b )  G i g o t s  and l o i n  j o i n t s ,  i r r e s p e c t i v e  o f  l e f t  o r  r i g h t
o r i g i n  and of  f e e d i n g  r e g i me  i n r e l a t i o n  t o :
T o t a l  c o o k i n g  l o s s e s  
E v a p o r a t i v e  c o o k i n g  l o s s e s  
I n i t i a l  and cooked pH v a l u e s .
W h i l s t  ( a )  and ( b )  can be s e p a r a t e d  a c c o r d i n g  t o  f e e d i n g  r e g i me  and
a n a t o m i c a l  l o c a t i o n ,  i t  i s  n ot  c o n s i d e r e d  t h a t  v a l i d  c o n c l u s i o n s  
may be r e ac h ed f r om a s t u d y  o f  o n l y  f o u r  c a r c a s s e s  f r om a p a r t i c u l a r  
f e e d i n g  r e g i m e .
E x a m i n a t i o n  of  t h e  d a t a  i n d i c a t e s  t h a t  f u r t h e r  e x p e r i m e n t a t i o n
w i l l  be r e q u i r e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  f e e d i n g  r e g i me  -  i f  any
on t he  p a r a m e t e r s  s t u d i e d .
3.  E x p l a n a t i o n  o f  t h e  T a b u l a t i o n  o f  the Data
1. D i f f e r e n c e s  i n w e i g h t  o f  l e f t  ( LHS )  and r i g h t  (RHS)  j o i n t s  of
s t a n d a r d  a n a t o m i c a l  l o c a t i o n  a r e  e x p r e s s e d  as p l u s  o r  mi nus  v a l u e s  i 
g between LHS and RHS,  eg.
* ( i )  LHS 643g RHS 627g D i f f e r e n c e  + I 6 g
( i i )  LHS 536g RHS 5 38g D i f f e r e n c e  - 2 g
* T h e s e /
* T h e s e  a r e  i l l u s t r a t i v e  examp l es  o n l y .  D i s p a r i t i e s  o f  much g r e a t e r  
o r  l e s s e r  m a g n i t u d e  a r e  o b s e r v e d .
2.  A s i m i l a r  p r a c t i c e  has been f o l l o w e d  when c o mp a r i n g  t o t a l  and 
e v a p o r a t i v e  l o s s e s  of  LHS and RHS j o i n t s  of  s t a n d a r d  a n a t o m i c a l  
l o c a t i o n  f rom t h e  same c a r c a s s .  We i g h t  l o s s e s  a r e  e x p r e s s e d  as a 
p e r c e n t a g e  of  t he  i n i t i a l  w e i g h t  w h i l e  j o i n t s  a r e  ' on t he  b o n e ' .
3.  T o t a l  and e v a p o r a t i v e  w e i g h t  l o s s e s  and p r e -  and p o s t  c o o k i n g  
pH v a l u e s  a r e  t a b u l a t e d  f o r  g i g o t  and l o i n  j o i n t s  i r r e s p e c t i v e  o f  
f e e d i n g  r e g i m e ;  f u r t h e r  i n v e s t i g a t i o n  w i l l  be a s s i s t e d  as i n d i c a t e d  
by i d e n t i f y i n g  j o i n t s  in each c a t e g o r y .  S i n c e  much o f  t h e  m a t e r i a l  
r e p r e s e n t e d  by w e i g h t  l o s s  f r om a j o i n t  d u r i n g  r o a s t i n g  i s  l a t e r  
c o l l e c t e d  as d r i p  c o m p r i s i n g  exuded f a t  and j u i c e s ,  t he  a c t u a l  y i e l d  
s h o u l d  t a k e  a c c o u n t  o f  t h i s  c o l l e c t e d  d r i p  as w e l l  as t h e  w e i g h t  o f  
t h e  cooked me a t .  Hence t h e  o n l y  r e a l  l o s s  i s  p r o b a b l y  e v a p o r a t i v e  
( H a r r i e s  et  a l ,  i b i d ) .  For  t h i s  r eason o n l y  t o t a l  and e v a p o r a t i v e  
l os s e s  have been s t u d i e d  a t  t h i s  s t a g e  i n t he a n a l y s i s  o f  t he  d a t a .
4.  In r e l a t i o n  t o  pH v a l u e s ,  raw and cooked pH v a l u e s  f o r  each 
j o i n t  a r e  c ompar ed.  L e f t  and r i g h t  g i g o t s  and l o i n s  f rom t h e  same 
c a r c a s s  a r e  a l s o  c ompar ed.  T h e  n e t  changes i n pH i ndu ced  by t he  
c o o k i n g  p r o c e s s  have been s t u d i e d  i n r e l a t i o n  t o  LHS and RHS j o i n t s  
o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n ,
e g.  Change in pH ( p r e -  v e r s u s  p o s t -  c o o k i n g )
LHS RHS Net  change (L v R)
( i )  0 . 2 5  + 0 . 3 0  - 0 . 0 5
( i i )  0 . 2 0  - 0 . 1 0  + 0 . 3 0
T h e  e x amp l es  above a r e  i n t e n d e d  o n l y  t o  d e m o n s t r a t e  how d a t a  r e l a t i n g  




A.  T h e  I n i t i a l  We i g h t s  of  t h e  J o i n t s
T h e r e  a r e  r e c o r d s  a v a i l a b l e  f o r  86 g i g o t s  and 80 l o i n s .  
A r i t h m e t i c  means and s t a n d a r d  d e v i a t i o n s  wer e  c a l c u l a t e d  f o r  t he 
A g r o u p s  of  j o i n t s .  R e s u l t s  a r e  g i v e n  i n T a b l e  1 0 . 1 .
T a b l e  10.1 I n i t i a l  W e i g h t s  o f  Lamb J o i n t s
Cut LeG RG LeL RL
N ¿+5 Al 43 37
Mean 607 610 631 643
S t a n d a r d  D e v i a t i o n 8 5 . 7 8 4 . 6 122.  1 117. 2
( We i g h t s  have been r ounded o f f  t o  t h e  n e a r e s t  g )  wher e  Le = l e f t ,
G = g i g o t ,  R = r i g h t ,  L = l o i n .
From T a b l e  1 0 . 1 ,  t h e  a r i t h m e t i c  means s u g g e s t  t h a t  c o r r e s p o n d i n g  
j o i n t s  f r om l e f t  and r i g h t  s i d e s  a r e  o f  r e m a r k a b l y  s i m i l a r  w e i g h t .  
S t a n d a r d  D e v i a t i o n s  s u g g e s t  t h a t  t h i s  may n o t  be so.  P r e l i m i n a r y  
s t u d y  of  LHS and RHS j o i n t s  i n d i c a t e s  t h a t  t h e r e  i s  c o n s i d e r a b l e  
v a r i a t i o n  between them.  Even t h e  summary i n T a b l e  10. 2 does n ot  
i n d i c a t e  t h e  m a g n i t u d e  of  t h e s e  d i f f e r e n c e s .  T h i s  i s  d e m o n s t r a t e d  
by the F r e q u e n c y  D i s t r i b u t i o n  T a b l e  10.  3 .
T a b l e  10. 2  Co mp a r i s o n  of  I n i t i a l  We i g h t s
G i g o t s  Loi  ns
Same w e i g h t 0 0
+ / -  5g 3 4
L e f t  > R i g h t 23 20
L e f t  < R i g h t 15 11
T o t a l s 38 31
When t he  d a t a  i s  g r o u p e d  in t h i s  way ,  t h e r e  i s  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  between l e f t  and r i g h t  s i d e s  as i n d i c a t e d  by 
t he/
191.
t h e  Medi an T e s t .  T h e  w i d e  r a ng e  o f  d i f f e r e n c e s  s h o u l d  however  be 
n o t e d :  t h e r e  a r e  20 and 16 c a t e g o r i e s  o f  d i f f e r e n c e  between g i g o t s  
and l o i n s  r e s p e c t i v e l y .
T a b l e  10. 3






2 0 - 2 4
2 5 - 2 9
3 0 - 3 4
3 5 - 3 9
4 0 - 4 4
4 5 - 4 9
5 0 - 5 4
5 5 - 5 9
6 0 - 6 4
6 5 - 6 9
7 0 - 7 4
7 5 - 7 9
8 0 - 8 4
8 5 - 8 9
9 0 - 9 4
9 5 - 9 9
T o t a l s
F r e q u e n c y  D i s t r i b u t i o n  T a b l e  -  L e f t  v R i g h t  J o i n t s  
(Same c a r c a s s )
Pos i t  i v e  Va 1ues














G i g o t s  N = 38 
Loi  ns N = 31
N e g a t i v e  V a l u e s









F i g u r e  10.1 p r e s e n t s  t h i s  i n f o r m a t i o n  i n t h e  f o r m o f  a bar  c h a r t .
I t  i s  t h us  c l e a r  t h a t  w h i l s t  t h e  w e i g h t  o f  j o i n t s  c o n s i d e r e d  
s o l e l y  as g i g o t s  o r  l o i n s  a pp e ar  t o  show u n i f o r m i t y  as r e f l e c t e d  
by/
192.
Figure 10.1 Frequency Distribution Table - Weight Differences between 
Left and Right Joints from same carcass
by mean w e i g h t s ,  t h i s  does n ot  h i g h l i g h t  d i f f e r e n c e s  e x i s t i n g  bot h 
w i t h i n  and bet ween c a r c a s s e s  i n r e s p e c t  o f  r i g h t  and l e f t  s i d e s .
P r e d i c t a b l y ,  t h e s e  i n i t i a l  d i f f e r e n c e s  a r e  p a r a l l e l l e d  when t o t a l  
and e v a p o r a t i v e  w e i g h t  l o s s e s  a r e  s t u d i e d .
5.  T o t a l  We i g h t  L os s es  o f  J o i n t s
I f  t o t a l  c o o k i n g  l o s s e s  f r om l e f t  and r i g h t  s i d e s  a r e  
c o n s i d e r e d  ( T a b l e  1 0 . A ) ,  bot h  g i g o t s  and l o i n s  a p p e a r  t o  be 
v e r y  s i m i l a r .  C o o k i n g  l o s s e s  a r e  e x p r e s s e d  as p e r c e n t a g e s  of  
raw ( bone i n )  w e i g h t s .
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T a b l e  1 0 . A T o t a  1 Cook i ng L osses o f  G i g o t s and
Cut LeG RG LeL RL
Mean 29.3 29. 1 17. 0 16. 7
S t a n d a r d  D e v i a t i o n 5.0 A . 5 3.7 A . 3
N A5 Al A3 37
( A b b r e v i a t i o n s  a r e  as in T a b l e  1 0 . l )
When l e f t  and r i g h t  g i g o t s / l o i n s  f rom t h e  same c a r c a s s  a r e  
c o mp a r e d ,  ( T a b l e  1 0 . 5 )  t h i s  o v e r a l l  r e s u l t  can be seen t o  be 
m i s l e a d i n g .  When t o t a l  c o o k i n g  l o s s e s  a r e  comp a r ed ,  c o n s i d e r a b l e  
v a r i a t i o n  w i t h i n  t h e  same c a r c a s s  can be d e m o n s t r a t e d .
T a b l e  10. 5 T o t a l  We i g h t  L osses  -  L e f t  v R i g h t  S i d e s  
Cut  G i g o t s  L o i n s
Equal  1 3
L > R 25 20
L < R 12 8
N 38 31
T h e  d i s t r i b u t i o n  o f  t h e s e  w e i g h t  l o s s e s  i s  i n d i c a t e d  i n T a b l e  10. 6  and 
F i g u r e  1 0 . 2 .
T a b l e s  10. 7  and 10. 8  and F i g u r e  10. 3  d e m o n s t r a t e  t he  t o t a l  w e i g h t  
l o s s e s /
l o s s e s  -  i r r e s p e c t i v e  o f  s i d e  o r  f e e d i n g  r e g i me  -  f o r  g i g o t s  and 
l o i n s .  T h e s e  c o m p a r i s o n s  i n d i c a t e  why t h e  mean v a l u e s  and s t a n d a r d  
d e v i a t i o n s  q u o t e d  in T a b l e  1 0 . A c o r r e s p o n d  so c l o s e l y .  T h e r e  i s  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between g i g o t s  and l o i n s  i n t h i s  
r e s p e c t .  P e r h a p s  t he  most  i m p o r t a n t  p o i n t  t o  e mp h a s i s e  i s  t h a t  f o r  
a l l  e x p e r i m e n t s  o f  t h i s  t y p e ,  sampl e s i z e s  s h o u l d  be as l a r g e  as 
p o s s i b l e ,  s i n c e  a p p a r e n t l y  s i m i l a r  sheep meat sampl es d e m o n s t r a t e  
i n h e r e n t  v a r i a b i l i t y  i n  r e l a t i o n  t o  t o t a l  c o o k i n g  l o s s e s .
T a b l e  10. 6  Comp a r i n g  T o t a l  P e r c e n t a g e  We i g h t  L osses  -  L e f t  v 
R i g h t  S i d e s  ( i r r e s p e c t i v e  o f  F e e d i n g  R e g i m e )
194.
% Loss G i g o t s  Loi  ns
( T o t a 1)
Mi nus 10- 11 1
V a l u e s  9 - 1 0  1
8 - 9  G i g o t s  N = 38
7 - 8  2 L o i n s  N ;  3 ]
6 - 7  2
5-6 1
A-5 1 1




Z e r o  0 1 3








8 - 9  1 ( 66% o f  t o t a l )  (68% o f  t o t a l )
9-10
P l u s  10-11
V a l u e s  11- 12 1
F i g u r e  10. 2  p r e s e n t s  t h i s  i n f o r m a t i o n  i n t h e  f or m of  a ba r  c h a r t .
I t  w i l l  be o b s e r v e d  ( T a b l e  1 0 . 7 )  b e l o w ,  t h a t  t o t a l  w e i g h t  l o s s e s  
f a l l  i n t o  o n l y  f i v e  c a t e g o r i e s  f o r  bot h g i g o t s  and l o i n s .  T h e
p e r c e n t a g e /
Numbers Falling into Each Category 
Gigots N = 38 Loins N = 31
195.
Minus Values 




Figure 10.2 Comparing Total Percentage Weight Losses -
Left Versus Right Sides (Irrespective of Feeding Regime)
196.
p e r c e n t a g e  of  v a l u e s  f a l l i n g  i n t o  t h e  two m a j o r  c a t e g o r i e s  f o r  g i g o t s  
and l o i n s  a r e  72. 1  and 7 6 . 3  r e s p e c t i v e l y .  A l t h o u g h  t h e s e  f i g u r e s  
a p p e a r  t o  be i n good a g r e e m e n t ,  t h e y  r e p r e s e n t  t h e  c a t e g o r i e s  2 5 - 34% 
and 10- 19% t o t a l  w e i g h t  l o s s e s  f o r  g i g o t s  and l o i n s  r e s p e c t i v e l y .  
T a b l e  10. 7  T o t a l  % We i g ht  L osses  I r r e s p e c t i v e  o f  F e e d i n g  Regime
G i g o t s  and L o i n s
% L osses  T o t a l  5 _ 9 1 0 - 1 4 15- 19 2 0 - 2 4 2 5 - 2 9 3 0 - 3 4  3 5 - 3 9
G i g o t s 0 0 2 11 38 23 12
Loi  ns 3 22 39 13 3 0 0
F r e q u e n c y  d i s t r i b u t i o n s  o f  t he t o t a l  p e r c e n t a g e  w e i g h t  l o s s e s
g i g o t s and l o i n s ,  i r r e s p e c t i v e  of  f e e d i n g  r e g i m e ,  a r e i n d i c a t e d  in
T a b l e 10. 8  and F i g u r e 10. 3 be 1 ow.
T a b l e 10. 8  T o t a l We i g h t L osses  i n G i g o t s and L o i n s 1r r e s p e c t  i ve
of  F e e d i n g  Regime
% Loss G i g o t s C u m u l a t i v e  F r e q u e n c y Loi  ns Cumu1 a t  i ve
F r e q u e n c y F r e q u e n c y F r e q u e n c y
0 - 4 0 0 0 0
5 - 9 0 0 3 3
1 0 - 1 A 0 0 22 25
15- 19 2 2 39 64
2 0 - 2  A 1 1 13 13 77
2 5 - 2 9 38 51 3 80
3 0 - 3 4 23 74 0 80
3 5 - 3 9 12 86 0 80
T h e  g r e a t  d i f f e r e n c e  i n t h e  f r e q u e n c y  d i s t r i b u t i o n  between g i g o t s  and 
l o i n s  i s even more s t r i k i n g  when t h e  bar  c h a r t  i s  s t u d i e d  ( F i g u r e
1 0 . 3 ) .
I t  was t h u s  d e c i d e d  t o  use t he  Medi an T e s t  t o  d e t e r m i n e  i f  

















5 - 9 10 - 14 30 - 34 35 - 39
% TOTAL LOSSES
e 10.3 Total weight losses - Frequency Distributions: Gigots and Loins
d i f f e r e n c e s  i n the f r e q u e n c y  d i s t r i b u t i o n s  o f  g i g o t s  and l o i n s  was 
o f  s t a t i s t i c a l  s i g n i f i c a n c e .
T a b l e  1 0 . 9 ,  i n d i c a t e s  t h e  C u m u l a t i v e  F r e q u e n c i e s  f o r  g i g o t s  and 
l o i n s  s e p a r a t e l y .  T o  c a l c u l a t e  t he  Common Medi an i t  i s  n e c e s s a r y  t o  
combi ne t h i s  d a t a  f o r  g i g o t s  and l o i n s .
198.
T a b l e  10. 9 Cumu1 a t  i ve F r e q u e n c i e s  -  T o t a l We i g h t  L osses
G i g o t s  and Loi  ns
% Los s Cumu1 a t  i ve Cumu1 a t  i ve Sum (G + L)
F r e q u e n c y F r e q u e n c y C u m u l a t i  ve
G i g o t s Loi  ns F r e q u e n c  i es
0 - 4 0 0
5 - 9 0 3 3
1 0- 1 4 0 25 25
1 5- 19 2 64 66
2 0 - 2 4 13 77 90
2 5 - 2 9 51 80 131
3 0 - 3 4 74 80 154
3 5 - 3 9 86 80 166
From t h e  t a b l e  above i t  i s c l e a r  t h a t  t he  Common Medi an i s  t o  be f ound 
i n t he  2 0 - 2 4 %  w e i g h t  l o s s  c a t e g o r y  (N = 2 4 ) .  T h e  mean of  t he  83rd 
v a l u e  ( 2 2 . 3 )  and t h e  8 4 t h  v a l u e  ( 2 2 . 6 )  i s  2 2 . 4 5 .  T h i s  i s  t h e r e f o r e  
the Common M e d i a n .  W i t h i n  t h i s  c a t e g o r y ,  n i n e  g i g o t  and n i n e  l o i n  
j o i n t s  wer e  be l ow t h e  Common Medi an w i t h  two g i g o t s a n d  f o u r  l o i n s  
above i t .
V a l u e s  we r e  t hen d i c h o t o m i s e d  by a s s i g n i n g  a p l u s  s i g n  t o  v a l u e s  
e x c e e d i n g  t h e  Common M e d i a n ,  i . e .  a l l  v a l u e s  i n t he  25~39% r a ng e  and 
a mi nus  s i g n  t o  v a l u e s  a t  or  be l ow t h e  Common M e d i a n ,  i . e .  a l l  v a l u e s  
5 - 1 9 % r a n g e .  P l u s  and mi nus  s i g n s  wer e  a l l o c a t e d  w i t h i n  t h e  2 0 - 2 4 %  
as/
199.
as i n d i c a t e d  i n t h e  p r e v i o u s  p a r a g r a p h .  A 2 x 2 a r r a y  was t hen 
p r e p a r e d .  The  v a l u e  o f  was c a l c u l a t e d  a c c o r d i n g  t o  the 
f o r m u 1 a
r K 2
^  ^  ( O i j  ~ E i j )  ( F o r m u l a  1 0 . 1 )
i -  1 j  -  1 r . .
E i j
wh er e  0 i j  = o b s e r v e d  number  o f  cases  c a t e g o r i s e d  i n t h e  i t h
row of  j t h  col umn 
E i j  = number  o f  cases  e x p e c t e d  u nde r  t h e  n u l l  h y p o t h e s i s
t o  be c a t e g o r i s e d  i n the i t h  r ow o f  j t h  col u mn.  
( Ob s e r v e d  f r e q u e n c i e s  a r e  i n b o l d  l e t t e r s  i n  each c e l l  and e x p e c t e d  
f r e q u e n c i e s  i n f i n e  l e t t e r s  i n t he  t a b l e ) .  R e l a t i n g  t o  T o t a l  We i g h t  
L o s s e s ,  d e t a i l s  a r e  as f o l l o w s :
G i g o t s  L o l n s  T  o t a 1s
P l u s  V a l u e s  k2'5 75 3 9 . 5  ^  g2
43.5 t+o. S
N e g a t i v e  V a l u e s  11 73 84
T o t a l s  86 80 166
V a l u e s  o f  — |—  f o r  each c e l l  were summed t o  g i v e  a c a l c u l a t e d  v a l u e
( 0 - E ) 2 
E
o f  X ^  = 1 01 . 9 5  w i t h  d f  ( K - 1 ) ( r - 1 ) = 1.
T h i s  v a l u e  o f  X ^  i n d i c a t e s  a p r o b a b i l i t y  o f  < 0 . 0 0 0 .  T h e  n u l l
h y p o t h e s i s  is t h us  r e j e c t e d .  A s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e
in t he  t o t a l  w e i g h t  l o s s e s  o f  g i g o t s  and l o i n s  has been c l e a r l y
d e m o n s t r a t e d  in t h i s  s e r i e s  o f  t r i a l s .  T h e  i m p o r t a n c e  o f  s t a n d a r d i s i n g
t h e  c u t s  o f  lamb used i n t h i s  t y p e  o f  t r i a l  i s  emphasi sed and has
i m p l i c a t i o n s  b o t h  f o r  f u t u r e  e x p e r i m e n t s  and f o r  a s s e s s i n g  e x p e r i m e n t s
c a r r i e d  ou t  i n  o t h e r  l a b o r a t o r i e s .
A l t h o u g h  o f  l e s s  v a l i d i t y  i n t h i s  e x p e r i m e n t ,  a K x 2 t a b l e  was
2
a l s o  c o n s t r u c t e d .  T o  meet  the c r i t e r i a  f o r  c a r r y i n g  o u t  a y  t e s t ,  
some/
some g r o u p i n g  o f  the d a t a  was r e q u i r e d .  T h e  c a l c u l a t e d  v a l u e  o f  x
c o n f i r m e d  t he f i n d i n g s  o f  t h e  Medi an T e s t .
G r o u p i n g  t h e  d a t a  i n  t h i s  way i . e .  at  5% i n t e r v a l s ,  w h i l s t
d e m o n s t r a t i n g  s t r i k i n g  d i f f e r e n c e s  between g i g o t s  and l o i n s ,  c o u l d
g i v e  a m i s l e a d i n g  i m p r e s s i o n  o f  u n i f o r m i t y  w i t h i n  a p a r t i c u l a r  
c a t e g o r y .  T h i s  p o i n t  i s  i l l u s t r a t e d  by s t u d y i n g  t he  v a l u e s  f o r  
g i g o t s  (N = 38)  i n t he  2 5 - 2 9 %  c a t e g o r y  and f o r  l o i n s  (N = 39)  i n t h e
15- 19% c a t e g o r y .  F o r  t h e s e  38  g i g o t s  wher e  a r e  50 v a l u e s  f r om 2 5 . 0
t h r o u g h  t o  2 9 - 9 ,  28 c a t e g o r i e s  a r e  r e p r e s e n t e d .  T w e n t y  t wo c a t e g o r i e s  
have no a s s i g n e d  v a l u e s .  W i t h i n  t he  28 c a t e g o r i e s  o n l y  one had a 
f r e q u e n c y  of  t h r e e  and n i n e  had a f r e q u e n c y  o f  t wo.  F o r  t he  39 l o i n s  
30 of  t he 50 c a t e g o r i e s  a r e  r e p r e s e n t e d .  W i t h i n  t h e s e  30 c a t e g o r i e s  
o n l y  two had a f r e q u e n c y  o f  t h r e e  and f i v e  a f r e q u e n c y  of  two.  T h u s  
w i t h i n  a p a r t i c u l a r  c a t e g o r y  t h e r e  i s  a c o n s i d e r a b l e  s c a t t e r  of  v a l u e s .
6 .  E v a p o r a t i v e  We i g h t  L osses  I r r e s p e c t i v e  o f  F e e d i n g  Regi me -  G i g o t s
and L o i n s
E v a p o r a t i v e  w e i g h t  l o s s e s  wer e o b t a i n e d  by s u b t r a c t i n g  t h e  w e i g h t  
o f  d r i p  f r om t h e  t o t a l  w e i g h t  l o s s  o f  each j o i n t .  T h e  e v a p o r a t i v e  l o s s
was t hen e x p r e s s e d  as a p e r c e n t a g e  o f  t he t o t a l  raw (on bone)  w e i g h t  o f  
e ach j o i n t .
As w i t h  t o t a l  w e i g h t  l o s s e s ,  when l e f t  and r i g h t  s i d e s  a r e  c o n s i d e r e d
( T a b l e  1 0 . 1 0 )  l e f t  and r i g h t  g i g o t s  and l o i n s  a p p e a r  t o  be v e r y  s i m i l a r .
T a b l e  10. 10 E v a p o r a t i v e  L osses o f  G i g o t s  and L o i n s
200.
2
Cut LeG RG LeL RL
Mean 2 4 . 7 2 4 . 0 12. 3 11. 7
S t a n d a r d  D e v i a t i o n 5 . 0 4 . 8 2 . 9 OO
N 45 41 43 37
( A b b r e v i a t i o n s  a r e  as i n T a b l e  1 0 . l )  
However/
20]  .
H o we v e r ,  c o n s i d e r a b l e  v a r i a t i o n  w i t h i n  t h e  same c a r c a s s  is
d e m o n s t r a t e d .  T a b l e  10. 11 i n d i c a t e s  t h e  c o m p a r a t i v e  l o s s e s
between l e f t  and r i g h t  g i g o t s  and l o i n s .  T h e s e  v a r i a t i o n s  a r e  
shown more c l e a r l y  i n F i g u r e  1 0 . 4 .  I t  i s  a g a i n  e v i d e n t  t h a t ,  
because o f  i n h e r e n t  v a r i a b i l i t y  e x p e r i m e n t a l  f i n d i n g s  s h o u l d  be 
based on l a r g e  sampl e s i z e s .  T h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  between l e f t  and r i g h t  g i g o t s  and l o i n s .
E v a p o r a t i v e  l o s s e s ,  i r r e s p e c t i v e  o f  s i d e  or  f e e d i n g  r e g i me  a r e  
i n d i c a t e d  i n T a b l e  10. 12 and F i g u r e  1 0 . 5 .
T a b l e  10. 11 C omp a r i ng  E v a p o r a t i v e  We i g h t  L osses  -  L e f t  v e r s u s
R i g h t  S i d e s  ( I r r e s p e c t i v e  o f  F e e d i n g  Regi me)
G i g o t s  N = 38 L o i n s  N = 31
% Loss 




































2 50% o f  t o t a l
2
1 52% o f  t o t a l
3
P l u s  9 - 1 0  
V a l u e s  11- 12
F i g u r e  1 0 . 4  p r e s e n t s  t h i s  i n f o r m a t i o n  in t h e  f or m o f  a bar  c h a r t .  
T a b l e /
Gigots N = 38 Loins N = 31
202
Minus Values 




Figure 10.4 Comparing Evaporative Weight Losses - Left Versus Right Side
(Irrespective of Feeding Regime)
203.
T a b l e  10. 12 F r e q u e n c y  D i s t r i b u t i o n :  E v a p o r a t i v e  We i g h t  L osses 
G i g o t s  and Loi  ns 
% E v a p o r a t i v e  Loss G i g o t s  Loi  ns Cumu1 a t  i ve T  o t a  i
0 - 4 0 3 3
5 - 9 0 10 13
1 0- 14 7 58 78
15- 19 8 6 92
2 0 - 2 4 30 3 125
2 5 - 2 9 31 0 156
3 0 - 3 4 10 0 166
N 86 80
T h e  Common Medi an was t h us  f ound i n t h e  15“ 19% c a t e g o r y  wher e N = 14. 
E x a m i n a t i o n  i n d i c a t e s  t h a t  t he  mean o f  t he  8 3r d  and 8 4t h  v a l u e s  is 
1 6 . 9 5 .  T h i s  r e p r e s e n t s  t h e  Common Me di a n .  As p r e v i o u s  i n d i c a t e d ,
w i t h i n  t h i s  c a t e g o r y  t h e  v a l u e s  wer e a s s i g n e d  as b e l o w:
P l u s  Mi nus T o t a l
G i g o t s  7 1 8
L o i n s  2 4 6
As w i t h  t he  t o t a l  w e i g h t  l o s s e s ,  a 2 X 2 a r r a y  was c o n s t r u c t e d  and 
the  v a l u e  o f  c a l c u l a t e d  ( F o r m u l a  1 0 . 1 )
P l u s  V a l u e s  
M i nus Va 1 ues 
T o t  a 1s
When t h e  -  -  E ^ v a  l ues f o r  each c e l l  wer e summed t he v a l u e  o f  X 2 was 
E
118 ( I d f ) .  T h e  n u l l  h y p o t h e s i s  must  t h e r e f o r e  be r e j e c t e d  on t he  
b a s i s  t h a t  P < 0 . 0 0 0 .  T h u s  as w i t h  t o t a l  w e i g h t  l o s s e s ,  a s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  in e v a p o r a t i v e  w e i g h t  l o s s e s  between g i g o t s  and 
l o i  ns/

















% Evaporative Losses 
e 10.5 Evaporative Losses - Frequency Distributions: Gigots and Loins
l o i n s  has been d e m o n s t r a t e d .  I t  i s  r e c o g n i s e d  t h a t  g r o u p i n g  t h e  d a t a  
i n t h i s  wa y ,  as has been i n d i c a t e d ,  c o n c e a l s  t h e  v a r i a t i o n  w i t h i n  
c a t e g o r i e s .  From T a b l e  10. 12  i t  w i l l  be n o t e d  t h a t  e v a p o r a t i v e  
l o s s e s  f o r  bot h  g i g o t s  and l o i n s  f a l l  i n t o  f i v e  c a t e g o r i e s .  In g i g o t s ,  
t he  c a t e g o r y  f o r  maxi mal  e v a p o r a t i v e  l o s s  i s  i n  2 5 - 29% (N = 31)  r a n g e :
T h i s  a c c o u n t s  f o r  36% of  t he  sampl e.  Whereas f o r  l o i n s ,  maxi mal  
e v a p o r a t i v e  l o s s  f a l l s  i n  t he 1 0 - 1 r a n g e .  T h i s  a c c o u n t s  f o r  12.3% 
o f  t h e  sa mp l e .  In c o mp a r i n g  t h e s e  r e s u l t s  w i t h  t h o s e  f o r  t o t a l  w e i g h t
l o s s e s  ( T a b l e  1 0 . 8 ) ,  i t  can be seen t h a t  the f i g u r e s  f o r  t h e  25~23% 
c a t e g o r y  f o r  g i g o t s  a r e  44% and i n  t h e  15- 19% f o r  l o i n s  49% o f  t h e  t o t a l  
sampl es r e s p e c t i v e l y .  T h i s  s u g g e s t s  g r e a t e r  u n i f o r m i t y  of  e v a p o r a t i v e  
w e i g h t  l o s s e s  i n  l o i n s  t han in g i g o t s .  T h i s  d i f f e r e n c e  i s  o n l y  5% in 
r e s p e c t  of  t o t a l  w e i g h t  l o s s e s .  I f  t he  s t u d i e s  of  t he  d a t a  a r e  
e x t e n d e d ,  w e i g h t  l o s s e s  bot h t o t a l  and e v a p o r a t i v e  -  s u g g e s t  t h a t  l o i n s  
a r e  more homogeneous t han g i g o t s .
7.  S t u d i e s  of  pH V a l u e s  
I n i t i a l  pH v a 1ues
( i )  As i n d i c a t e d  e a r l i e r  i n  t h i s  c h a p t e r ,  pH v a l u e s  o f  raw and cooked
j o i n t s  were r e c o r d e d .  T h e  f r e q u e n c i e s  o f  t he  i n i t i a l ,  i . e .  raw pH
v a l u e s  a r e  i n d i c a t e d  i n  T a b l e  10. 13 and i n d i c a t e d  in t h e  f or m of  a
bar  c h a r t  i n  F i g u r e  1 0 . 6 .  T h e  c o n s i d e r a b l y  l ower  pH v a l u e s  f o r  t he
l o i n  r o a s t s  is v e r y  o b v i o u s .  T h e  v a l u e s  q u o t e d  a r e  f o r  a l l  g i g o t s
and l o i n s  i r r e s p e c t i v e  o f  f e e d i n g  r e g i me  o r  s i d e  of  the c a r c a s s .
T he  Medi an T e s t  was c a r r i e d  out  w i t h  p l u s  s i g n s  b e i n g  a l l o c a t e d
t o  pH v a l u e s  above t he  Combi ned Medi an and mi nus  s i g n s  t o  v a l u e s  a t  or
b e l ow.  T h e  Combi ned Medi an i . e .  t he  mean of  the 83r d  and 8 4t h  v a l u e s
2
i s  5 . 6 2 5 .  T h e  c a l c u l a t e d  v a l u e  of  X ( d e r i v e d  f rom a 2 x 2 a r r a y  i s
4 4 . 2 5  (1 d f ) .  T h e  p r o b a b i l i t y  of  t h i s  v a l u e  b e i n g  a c h i e v e d  by chance 
a 1 one/
205.
z u o .
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a l o n e  i s  z e r o .  Hence t h e r e  is a s t a t i s t i c a l l y  s i g n i f i c a n t
d i f f e r e n c e  i n t he i n i t i a l  pH o f  g i g o t s  and l o i n s .  T h e r e  i s  a l s o
l e s s  v a r i a t i o n  i n  l o i n s  than g i g o t s .
T a b l e  10. 13 I n i t i a l  pH V a l u e s  of  G i g o t s  and L o i n s :  F r e q u e n c y
D i s t r i  but  i on
pH V a l u e  G i g o t s  Loi  ns
5 . 2 0  1 3
5 . 2 5  0 3
5 . 3 0  3 5
5 . 3 5  0 3
5 . ^ 0  7 12
5 . ^ 5  1 2
5 . 5 0  b 19
5 . 5 5  0 0
5 . 6 0  b 13
5 . 6 5  3 1
5 . 7 0  7 12
5 . 7 5  5 0
5 . 8 0  13 1
5 . 8 5  0 b
5 . 9 0  17 2
5 . 9 5  0
6 . 0 0  10
6 . 0 5  0
6.  10 9
6 . 1 5  0
6.20  2
Mean 5 . 7 8  5 - 5 1
SD 0 . 2 3  0 . 1 9
T h a t  t h e r e  i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between g i g o t s
and l o i n s  i s  c o n f i r m e d  when t h e  i n i t i a l  pH v a l u e s  o f  t h e  38 l e f t  and
r i g h t  g i g o t  p a i r s  and 31 l o i n  p a i r s . a r e  s t u d i e d .
G i g o t s  Loi  ns
Med i an 5 . 8  5 - 5
Mode 5 . 9  5 - 1
N 76 62
W h i l s t  t h e r e  i s  no s i g n i f i c a n t  pH d i f f e r e n c e  in g i g o t s  or  l o i n s  f rom l e f t  
and r i g h t  s i d e s ,  when a l l  g i g o t s  and l o i n s  a r e  comp a r ed ,  t h e/
t h e  Combi ned Medi an ( d a t a  a v a i l a b l e  but  n ot  t a b u l a t e d  h e r e )  is 5 . 6 2 5
2
and t he  c a l c u l a t e d  v a l u e  o f  x 3 9 . 7 6  (1 d f ) .  W i t h  t h i s  v a l u e  of  
2
X , r e s u l t s  such as t h e s e  c a n n o t  have been a c h i e v e d  by c hance a l o n e .
( i i ) Cooked pH v a l u e s
T h e  cooked pH v a l u e s  of  g i g o t s  and l o i n s  a r e  i n d i c a t e d  i n T a b l e  
10. 14  and F i g u r e  1 0 . 7 .
T a b l e  1 0 . 1 4  Cooked pH V a l u e s  G i g o t s  and L o i n s :  F r e q u e n c y
208.
D i s t r  i b u t  i on
pH V a l u e  G i g o t s  Loi  ns
5 . 5 0  0 0
5 . 5 5  0 1
5 . 6 0  2 17
5 . 6 5  0 2
5 . 7 0  9 19
5 . 7 5  0 5
5 . 8 0  9 11
5 . 8 5  4 2
5 . 9 0  5 13
5 . 9 5  1 0
6 . 0 0  18 6
6 . 0 5  0 0
6 . 1 0  9 1
6 . 1 5  5 0
6 . 2 0  9 1
6 . 2 5  1 1
6 . 3 0  7 1
6 . 3 5  1
6 . 4 0  5
6 . 4 5  0
6 . 5 0  1
Mean 6 . 0 3  5 . 7 5
SD 0 . 2 2  0 . 1 6
As m i g h t  have been e x p e c t e d ,  as a r e s u l t  of  p r o t e i n  d é n a t u r a t i o n  and 
o t h e r  r e a c t i o n s  t a k i n g  d u r i n g  t h e  c o o k i n g  p r o c e s s ,  i n t he  m a j o r i t y  of  













r o a s t s  t he  cooked pH v a l u e s  were h i g h e r  t han t h e  i n i t i a l  pH.  Where 
t h i s  was not  s o ,  t he  pH me t e r  was r e c a l i b r a t e d  and t he  pH of  t h e  s l u r r y  
c h e c k e d .  On no o c c a s i o n  d i d  t h e  second r e a d i n g  a l t e r  f r om the f i r s t .
I t  can o n l y  be c o n c l u d e d  t h a t ,  i n  some mu s c l e  t i s s u e ,  changes o c c u r r i n g  
d u r i n g  t h e  c o o k i n g  p r o c e s s  c a us e  t h e  pH t o  f a l l ,  ( i n i t i a l  pH v a l u e s  
we r e  a l w a y s  measur ed t w i c e ) .
In the Medi an t e s t ,  t h e  Combi ned Medi an was 5 - 9  and t he c a l c u l a t e d  
v a l u e  o f  X was ^ 8 . 5 3  ( 1 d f ). As w i t h  i n i t i a l  pH,  t h e r e  i s  t h u s  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t he  pH v a l u e s  o f  g i g o t s  
and l o i n s .  L o i n s  a g a i n  show l ower  pH v a l u e s  and l e s s  v a r i a t i o n  than 
g i g o t s .  T h i s  r e s u l t  i s  c o n f i r m e d  when f i g u r e s  f o r  t he 76 l e f t  and 
r i g h t  g i g o t s  and 62 l o i n s  a r e  compar ed.  Da t a  i s  a v a i l a b l e  ( b u t  not  
t a b u l a t e d  h e r e )  w h i c h  i n d i c a t e s  t h e  f o l l o w i n g  f o r  t h e  cooked pH v a l u e s .
G i g o t s  Loi  ns
Medi an 6 . 0  5 . 7 2 5
Mode 6 . 0  5 . 6 / 5 . 7
N 76 62
T h e  Combi ned Medi an is 5 . 8 2 5  and the c a l c u l a t e d  v a l u e  o f  X 3 3 - 8 8  
( l  d f ) .  A g a i n ,  f o r  t h i s  s u b g r o u p ,  a s t a t i s t i c a l  s i g n i f i c a n t  
d i f f e r e n c e  has been e s t a b l i s h e d  between pH v a l u e s  o f  cooked g i g o t s
and l o i n s ,  a l t h o u g h  t h e r e  i s no d i f f e r e n c e  between l e f t  and r i g h t  s i d e s .
( i i i ) A l t e r a t i o n s  i n pH V a l u e s  D u r i n g  the C ooki ng  P r o c e s s
T h e s e  a l t e r a t i o n s  i n pH a r e  i n d i c a t e d  in T a b l e  10. 15 and F i g u r e
10. 8 .
T a b l e  10. 15 A l t e r a t i o n s  i n pH V a l u e s  D u r i n g  the C o o k i n g  P r o c e s s  -
G i g o t s  and L o i n s  : F r e q u e n c y  D i s t r i b u t i o n
pH V a l u e s  Mi nus  G i g o t s  L o i n s
0.20  "  2 1
0. 15 "  0 0
0 . 10/
21 1
T a b l e  10- 15 ( C o n t d )  
pH V a l u e s  
0 . 10 
0 . 0 5  
0 . 0 0  
0 . 0 5  
0 . 10 
0 . 15 
0.20 
0 . 2 5  
0.30 
0 . 3 5  
0.  40 
0 . 4 5  
0 . 5 0  
0 . 5 5  







































In t h e  Medi an t e s t  t h e  Combi ned Medi an was 0 . 3 0 .  T h e  c a l c u l a t e d  v a l u e  
2
of  x was 1 . 1 0  ( i d f )  p < 0 . 3 0 .  Hence t h e r e  i s  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  i n t he pH changes  o c c u r r i n g  in g i g o t s  and 
l o i n s .  T h i s  i s  d e s p i t e  s t a t i s t i c a l l y  s i g n i f i c a n t  l ower  pH v a l u e s  in 
raw and cooked l o i n s .
T h e  changes i n t h e  l o i n  r o a s t s  a r e  on t h i s  o c c a s i o n  -  as t o  be 
e x p e c t e d  -  o n l y  s l i g h t l y  mor e u n i f o r m .  I t  s h o u l d  be not e d  t h a t  o n l y  
3 g i g o t s  and 2 l o i n s  had l owe r  p o s t - c o o k i n g  pH v a l u e s ,  w i t h  2 g i g o t s  
and 1 l o i n  r o a s t  w i t h  a pH v a l u e  w h i c h  remai ned c o n s t a n t .
( i v )  A l t e r a t i o n s  i n  pH D u r i n g  the Cooki ng  P r o c e s s  -  L e f t  and R i g h t
G i g o t s  and L o i n s
The a l t e r a t i o n s  i n l e f t  and r i g h t  g i g o t s  and l o i n s  a r e  c o n s i d e r e d  
s e p a r a t e l y .  As i n t he p r e v i o u s  s e c t i o n  i n i t i a l  pH v a l u e s  wer e  n o t  
t aken i n t o  a c c o u n t .  T he v a l u e s  a r e  qu o t e d  i n T a b l e  10. 16 and F i g u r e  
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10. 9  and 1 0 . 1 0 .  A l t h o u g h  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
had been e s t a b l i s h e d  between g i g o t s  and l o i n s  i n t h e  p r e v i o u s  s e c t i o n  
and no d i f f e r e n c e s  e x i s t e d  between l e f t  and r i g h t  s i d e s ,  i t  was 
c o n s i d e r e d  a p p r o p r i a t e  t o  combi ne g i g o t s  and l o i n s  f rom l e f t  and
r i g h t  s i d e s  f o r  f u r t h e r  a n a l y s i s .
T a b l e  1 0. 16  A l t e r a t i o n s  i n pH D u r i n g  t h e  Cook i ng  P r o c e s s  -  L e f t
and R i g h t  G i g o t s  and L o i n s  : F r e q u e n c y  D i s t r i b u t i o n
)H V a l u e s Mi nus LeG RG LeL RL
0 . 2 0 1 1 2 2
0.  15 1 1 0 0
0.  10 1 1 2 0
0 . 0 5 1 1 0 1
0 . 0 0 No change 1 0
0 . 0 5 P l u s 1 1 2 2
0.  10 1 1 A 6 A 5
0.  15 1 1 0 1 1 1
0 . 2 0 1 1 5 5 7 3
0 . 2 5 1 1 6 2 2 0
0 . 3 0 1 1 15 6 6 A
0 . 3 5 1 1 1 3 2 A
0.  A0 1 1 5 8 6 7
0.  A5 1 1 1 0 1 0
0 . 5 0 1 1 0 3
0 . 5 5 1 1 0
0 . 6 0 1 1 1
Mean 0.  30 0 . 2 5 0 . 2 5 0 . 3 0
Mode 0.  30 0.  A0 0 . 2 0 0.  A0
N 38 oo 31 31
( A b b r e v i a t i o n s  a r e  as i n T a b l e  1 0 . 1 )
T h e  Combi ned Medi an f o r  t he  l e f t  and r i g h t  g i g o t s  was 0 . 3 0  and t he
2
c a l c u l a t e d  v a l u e  of  x   ̂ • 75 ( 1 d f ) p < 0 . 2 0 .  C o r r e s p o n d i n g  v a l u e s  f o r  
l e f t  and r i g h t  l o i n s  wer e  0 . 3 0  and 1. 13 r e s p e c t i v e l y  ( p < 0 . 3 0 ) .
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been e s t a b l i s h e d  between l e f t  and r i g h t  g i g o t s  and l o i n s ,  changes in 
r e s p o n s e  t o  t he  c o o k i n g  p r o c e s s  a r e  more u n i f o r m  i n l e f t  g i g o t s  and 
l o i n s .  Whereas pH changes  i n t h e s e  j o i n t s  a r e  r e s t r i c t e d  t o  n i n e  
c a t e g o r i e s ,  c o r r e s p o n d i n g  c a t e g o r i e s  f o r  r i g h t  g i g o t s  and l o i n s  a r e
17 and 15 r e s p e c t i v e l y .  T h u s  t h e  r e s p o n s e  o f  t h e  l a t t e r  t o  the
c o o k i n g  p r o c e s s  as r e f l e c t e d  by a l t e r a t i o n  i n pH v a l u e  i s  more v a r i e d .
( v )  Net  Changes i n pH L e f t  v e r s u s  R i g h t  G i g o t s  and L o i n s
F o r  t he  method by w h i c h  t h e  n e t  changes wer e  c a l c u l a t e d  t he  
r e a d e r  i s r e f e r r e d  t o  t he  c l o s i n g  p a r a g r a p h s  o f  S e c t i o n  3 of  t h i s
c h a p t e r .  T h e  c a l c u l a t e d  v a l u e s  a r e  i n d i c a t e d  in T a b l e  10. 17 and in
Fi  g u r e  1 0 . 1 1 .
T a b l e  1 0 . 1 7  Net  Changes i n pH i n L e f t  v e r s u s  R i g h t  G i g o t s  and
216.
L o i n s  : F r e q u e n c y  D i s t r i b u t i o n
pH V a l u e s  Mi nu s  G i g o t s  L o i n s
0 . 4 0  11 0 1
0 . 3 5  11 0 0
0 . 3 0  " 0 2
0 . 2 5  "  1 0
0 . 2 0  "  2 1
0 . 1 5  "  0 1
0 . 1 0  "  8 4
0 . 0 5  " 2 3
0 . 0 0  No change 9 7
0 . 0 5  P l u s  2 4
0 . 1 0  "  3 1
0 . 1 5  "  1 0
0 . 2 0  "  3 1
0 . 2 5  " 2 2
0 .3 0  "  1 2
0 . 3 5  "  3 1
0 . 4 0  "  0 1
0 . 4 5  " 0 0
0 . 5 0  "  0 0
0 . 5 5 /
217.
T a b l e  1 0. 17  ( C o n t d )
pH V a l u e s  P l u s  G i g o t s  L o i n s
0 . 5 5  " 0 0
0 . 6 0  "  1 0 
Medi an 0 0
Mode 0 0
In the Median T e s t , t he  Combi ned Medi an was 0 and t h e  c a l c u l a t e d  v a l u e  
2
o f  x was 0 . 2 4 3  ( I d f )  p ^ . 7 0 .  T h e r e  i s  t h us  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  as i n d i c a t e d  by the Medi an T e s t .
In v i e w  o f  t h e  r e s u l t s  o f  c o mp a r i n g  l e f t  and r i g h t  g i g o t s  and 
l o i n s  t h i s  r e s u l t  i s  not  u n e x p e c t e d ,  s i n c e  t h e r e  a r e  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  between raw and cooked pH v a l u e s  of  l e f t  and 
r i g h t  g i g o t s  and l o i n s .  R e s u l t s  of  t h e s e  c o m p a r i s o n s  a r e  t a b u l a t e d  
b e l o w.  T h e  f u l l  d e t a i l s  a r e  n o t  t a b u l a t e d  h e r e .
T a b l e  1 0 . 1 8  pH V a l u e s  o f  L e f t  and R i g h t  G i g o t s  and L o i n s
i . e .  L e f t  v e r s u s  R i g h t »
G i g o t s  Loi  ns
N 38 31
Raw -  Me di a n s  5 . 7 5  5 - 8 2 5  5 - 5  5 . 5
Raw -  Modes 5 . 9 0  5 . 8 5  5 - 5  5 . 5
Combi ned Medi an 5 - 7 5  5 - 5
X 2 0 .2 2  (NS)  0 .3 6 4  (NS)
Cooked Me di a n s  6 . 0 7 5  5 - 9 2 5  5 . 7  5 . 7 5
Cooked Modes 6 . 0 0  5 . 7  5 . 7  5 . 6
Combi ned Medi an 6 . 0  5 . 7 2 5
X 2 0 . 0 5  ( NS)  1 . 096 (NS)
* L e f t  s i d e  v a l u e  q u o t e d  f i r s t .
T h e r e  a r e  t h us  no s t a t i s t i c a l l y  s i g n i f i c a n t  pH d i f f e r e n c e s  between 
l e f t  and r i g h t  s i d e s  o f  e i t h e r  raw o r  cooked g i g o t s  and l o i n s .  The 
f o r m e r ,  i n  bot h  c a s e s ,  show g r e a t e r  v a r i a t i o n  i n pH.



































































T h e r e  a r e  d i f f e r e n c e s  i n i n i t i a l  w e i g h t  o f  j o i n t s  f r om l e f t  and 
r i g h t  g i g o t s  and l o i n s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  w i t h  maximum 
v a l u e s  o f  70 -  7 ^ g.  T h e s e  d i f f e r e n c e s  a r e  n o t  o f  s t a t i s t i c a l  
s i gn i f  i ca nc e .
T h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n t o t a l  and 
e v a p o r a t i v e  w e i g h t  l o s s e s  between g i g o t s  and l o i n s .  T h e s e  a r e  l owe r  
i n l o i n s  i n  b o t h  c a s e s .  T h i s  e mp ha s i s es  t h e  i m p o r t a n c e  o f  s t a n d a r d ­
i s i n g  the t y p e  o f  meat  used f o r  e x p e r i m e n t s .  V a r i a t i o n s  w i t h i n  each 
c a t e g o r y  r e q u i r e  l a r g e  sampl e s i z e s  t o  be a v a i l a b l e .  T h e r e  i s  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between l e f t  and r i g h t  g i g o t s  and 
l o i n s  i n  t h e i r  r e a c t i o n  t o  the c o o k i n g  p r o c e s s .  T h i s  i s  r e a s s u r i n g ,  
i n t h a t  w h i l s t  e i t h e r  l e f t  o r  r i g h t  j o i n t s  wer e compared d u r i n g  many 
of  t he  t r i a l s ,  o c c a s i o n a l l y  i t  was n e c e s s a r y  t o  compare j o i n t s  f rom 
l e f t  and r i g h t  s i d e s  o f  c a r c a s s e s  f r om two d i f f e r e n t  f e e d i n g  r e g i m e s .
In s t u d y i n g  pH v a l u e s ,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  have 
been d e m o n s t r a t e d  between pH v a l u e s  o f  g i g o t s  and l o i n s  bot h raw and 
c ooke d.  L o i n s  have l owe r  pH v a l u e s  and tend t o  be more u n i f o r m .  T h i  
a p p l i e s  t o  b ot h  t h e  t o t a l  sampl e of  g i g o t s  and l o i n s  and t o  the 76 
g i g o t s  and 62 l o i n s  w h i c h  wer e  used i n co mp a r i n g  l e f t  and r i g h t  s i d e s  
o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n .  T h i s  d i f f e r e n c e  i n raw and cooked 
pH v a l u e s  does not  a f f e c t  changes i n pH d u r i n g  the c o o k i n g  p r o c e s s .  
T h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t he  r e s p o n s e  of  
g i g o t s  and l o i n s  t o  t he  c o o k i n g  p r o c e s s  as r e f l e c t e d  by a l t e r a t i o n  in 
pH ( p < 0 . 3 0 ) .
In c o m p a r i n g  l e f t  and r i g h t  s i d e s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  
t h e r e  a r e  no d i f f e r e n c e s  i n raw o r  cooked pH v a l u e s ,  changes  d u r i n g  
t he c o o k i n g  p r o c e s s  o r  n e t  change between l e f t  and r i g h t  s i d e s .
R i g h t /
D i s c u s s i o n  and C o n c lu s i o n s
R i g h t  s i d e s  have a t e n d e n c y  t o  show g r e a t e r  v a r i a t i o n  i n pH t han l e f t .
In c o n c l u s i o n ,  l o i n s  a r e  i n h e r e n t l y  l e s s  v a r i a b l e  than g i g o t s  
and may t h e r e f o r e  be b e t t e r  s u i t e d  f o r  e x p e r i m e n t a l  p u r p o s e s .  I t  
must  however  be b or n e  i n mi nd t h a t  t h e i r  t o t a l  and e v a p o r a t i v e  w e i g h t  
l o s s e s  and raw and cooked pH v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h o s e  o f  g i g o t s .
CHAPTER 11 
Summary
S u b j e c t s '  p e r f o r m a n c e  in t r i a n g l e  t e s t s  on raw and cooked 
sampl es was comp a r ed.  R e s u l t s  s u g g e s t  t h a t  f l a v o u r  d i f f e r e n c e s  
c aused by f e e d i n g  r e g i me  c o u l d  be i d e n t i f i e d  by t he  use of  s ma l l  
s e c t i o n s  of  the raw c a r c a s s  p r i o r  t o  f u r t h e r  i n v e s t i g a t i o n s .
R e s u l t s  o f  t r i a l s  t o  a s s e s s  t he i m p o r t a n c e  o f  f a t t y  t i s s u e  in the 
aroma o f  beef  and lamb and o f  p o r k  sampl es s u g g e s t s  t h a t  f u r t h e r  
e x p e r i m e n t s  wo u l d  be d e s i r a b l e .
Compar i ng  V o l a t i l e s  in Raw and Cooked Lamb Sampl es and a S t u d y  of  
t h e  C o n t r i b u t i o n  of  Fa t  t o  Meat  F l a v o u r
F o l l o w i n g  t h e  d e o i l e d  h e r r i n g  s i l a g e  t r i a l s  w i t h  p i g s ,  wher e 
d i f f e r e n c e s  in aroma of  r aw and s u b c u t a n e o u s  f a t  wer e d e m o n s t r a t e d  
between t e s t  and c o n t r o l  s a mp l e s ,  i t  was d e c i d e d  t o  compare t he  
aroma o f  raw and cooked f a t t y  t i s s u e  in t he p r e s e n t  lamb t r i a l s .  Many 
s u b s t a n c e s  l i k e l y  t o  p r o d u c e  ' o f f '  f l a v o u r s  a r e  l i k e l y  t o  be d e p o s i t e d  
in f a t t y  t i s s u e .  In t he t r i a l  w i t h  p i g s ,  compounds c a u s i n g  aroma 
d i f f e r e n c e s  in raw sampl es  e i t h e r  decomposed o r  v o l a t i l i s e d  d u r i n g  
t h e  c o o k i n g  p r o c e s s  s i n c e  no p r e f e r e n c e  was e s t a b l i s h e d  f o r  e i t h e r  
t e s t  or  c o n t r o l  sampl es  r o a s t e d  under  s t a n d a r d  c o n d i t i o n s .  A l t h o u g h  
lambs a r e  r u m i n a n t  a n i m a l s ,  g r a z i n g  and f o r a g e  c r o p s  as w e l l  as 
p r o t e c t e d  l i p i d  s u p p l e me n t s  had been r e p o r t e d  as c a u s i n g  ' o f f 1 f l a v o u r s  
a t  t he  t i me  t h e  d e s i g n  of  t he p r e s e n t  s t u d y  was d e v i s e d .
As i n d i c a t e d  i n C h a p t e r  3 ,  W i l c o x o n ' s  M a t c h e d - P a i r s  S i g n e d -  
Ranks t e s t s  wer e  used t o  compare s u b j e c t s '  p e r f o r m a n c e  i n t he  t h r e e  
t r i a n g l e  t e s t s  (AAB,  BAA and ABA)  on raw and cooked sampl es  w h i c h  
i n c l u d e d  l ean and f a t t y  t i s s u e .  T h e  d e s i g n  o f  t h e  e x p e r i m e n t  i s 
g i v e n  in T a b l e  6 . 2  ( C h a p t e r  6)  and the p r i n c i p l e  of  t he  s t a t i s t i c a l  
t e c hn  i que/
t e c h n i q u e  i s  i n d i c a t e d  in C h a p t e r  3.  In a d d i t i o n  t o  t r i a l s  c a r r i e d  
out  w i t h  s p e c i a l  r e l e v a n c e  t o  t h i s  s t u d y ,  e x p e r i m e n t s  wer e c a r r i e d  out  
w i t h  BSc s t u d e n t s  o f  A g r i c u l t u r e  a t  ESCA t o  d e t e r m i n e  t he  s i g n i f i c a n c e  
o f  f a t t y  t i s s u e  in meat  aroma in r e l a t i o n  t o  l ambs,  c o mp a r i n g  be ef  and 
lamb and p o r k  and boar  me a t s .  R e s u l t s  o f  t h e  W i l c o x o n  t e s t s  a r e  g i v e n  
in c o n t e x t ,  but  f o r  c l a r i t y  a r e  a l s o  summar i sed i n t h i s  c h a p t e r .
T h e  s c o r e s  o f  each s u b j e c t  f o r  the t h r e e  raw and the t h r e e  
cooked sampl es wer e compar ed.  T he  t e s t  was o n e - t a i l e d  i n t h a t  the 
h y p o t h e s i s  was t h a t  i t  woul d  be e a s i e r  t o  d e t e c t  d i f f e r e n c e s  in t he  
aroma of  raw t han of  cooked s a mp l e s .  R e s u l t s  a r e  as f o l l o w s  ( f a b l e  
1 1 . 1 ) .  C a l c u l a t e d  v a l u e s  o f  T  w h i c h  a r e  e q u a l  t o  or  l e s s  t han v a l u e s  
o f  T  i n T a b l e  J ( Haber  and Runyon 1977)  wher e  T  d e no t e s  t h e  s m a l l e r  
of  t he l i k e  s i g n e d  r a nk s  and DS i s  t he  t o t a l  number  o f  v a l u e s  w i t h  
a d i f f e r e n t  s i g n  i n d i c a t e  t h a t  t h e r e  i s a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  between s c o r e s .
T a b  1e 11.1 W i l c o x o n ' s  M a t c h e d - P a i r s  S i g n e d - R a n k s  T e s t s  -  the 
Aroma of  Raw and Cooked Samples 
G r a s s  v Rape S e r i e s  1 ( G S 1) ( C h a p t e r  6)
222.
Fi  le N DS T Resu
T A A 17 1 b 5 1 . 5 NS
B 18 13 A4. 5 1 1
C 15 10 16. 5 1 1
D 13 9 3 1 . 5 1 1
E 17 12 2 5 . 5 1 1
F 13 7 7 . 0 I 1
Bar l e y /
223.
B a r l e y  v T u r n ip  ( BT ) (C h a p te r  7 )
F i l e N DS T R e s u1t
T A  G 15 11 20.5 NS
H 20 15 A7.5 1 1
1 16 10 1 A. 5 1 1
J 8 6 5.0 1 1
K 6 5 2.5 1 1
L 6 A 3 . 0 1 1
B a r l e y  v Swede ( BS) ( C h a p t e r 9)
T 3  A 22 17 AA.O NS
F 10 5 2.0 1 1
L 6 5 2.5 1 1
N 7 6 6.0 1 1
B a r l e y  v Cabbage ( BC)  ( C h a p t e r  9)
T 3  H 22 16 68.0 NS
J 17 13 A5.5 1 1
K 9 A A. 0
1 1
M 5 A A. 0 1 1
Cabbage v Swede ( CS)  ( C h a p t e r 9)
T 3  D 18 9 20.0 NS
E 18 7 3.5 1 1
1 19 1A 3 0 . 0
1 1
S t u b b l e  T u r n  i ps ( S T )  ( C h a p t e r 9)
T 3  B 23 20 A7.5 p<0. 02|
C 23 17 59.5 NS
G 23 15 22 p<0.02!
Thus i n t h e  f ew t r i a l s  wh er e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n 
t he  aroma of  t he  A and B sampl es wer e d e t e c t e d ,  i t  was no e a s i e r  t o  
d e t e c t  them b e f o r e  c o o k i n g  lamb j o i n t s  than a f t e r .  T h e  u n e x p e c t e d  
r e s u l t s  in the S t u b b l e  T u r n i p s  t r i a l s  have a l r e a d y  been d i s c u s s e d  in 
C h a p t e r  9.  I t  s h o u l d  however  be n o t e d  t h a t  i n r e l a t i o n  t o  t h e s e  two 
r e s u l t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  i n one t r i a l  t h e  s m a l l e r  sum of  
1 i ke/
l i k e  s i g n e d  r a nk s  was p o s i t i v e  and i n the o t h e r  n e g a t i v e .  I t  thus  
seems r e a s o n a b l e  t o  r e j e c t  t h e  h y p o t h e s i s  u n d e r  t e s t  and t o  c o n c l u d e  
t h a t  f o r  sa mp l e s  o f  lamb u n d e r  t h e  c o n d i t i o n s  o f  t h e  p r e s e n t  t r i a l s ,  
d i f f e r e n c e s  a r e  n o t  more r e a d i l y  d e m o n s t r a t e d  b e f o r e  t h a n  a f t e r  c o o k i n g .
BSc s t u d e n t s  o f  A g r i c u l t u r e  at  ESCA have a l s o  c a r r i e d  o u t  
t r i a n g l e  t e s t s  as d e s c r i b e d  i n T a b l e  6 . 2  ( C h a p t e r  6 ) .  In 1976 and 
1977 t h e y  c o n f i r m e d  t h a t  d i f f e r e n c e s  i n t h e  aroma o f  s u b c u t a n e o u s  f a t  
e x i s t e d  between some of  t he  p i g s  f ed  d e o i l e d  h e r r i n g  s i l a g e  when t h e y  
wer e compared w i t h  mat ched c o n t r o l s .  T h u s  t h e i r  r e s u l t s  wer e  in 
agr e e me nt  w i t h  t h o s e  o b t a i n e d  a t  QMC.
E x p e r i m e n t s  s c h e d u l e d  f o r  November  1978 we r e  d e f e r r e d  u n t i l  
J a n u a r y  1979.  D u r i n g  t h e  f i v e  s e s s i o n s  o f  e x p e r i m e n t s ,  i n t e r e s t  was 
f o c u s s e d  n ot  o n l y  on t he aroma of  lamb sampl es  f rom d i f f e r e n t  f e e d i n g  
r e gi me s  b u t  a l s o  on the c o n t r i b u t i o n  o f  f a t t y  t i s s u e  t o  s p e c i e s  
i d e n t i f i c a t i o n  and i n i d e n t i f y i n g  d i f f e r e n c e s  between t r a d i t i o n a l  
por k  and boa r  me a t s .  T h e  p o s s i b l e  r o l e  of  f a t t y  t i s s u e  i n meat  f l a v o u r  
was c o n s i d e r e d  i n C h a p t e r  2 .  T h e  s t u d i e s  d e s c r i b e d  wer e d e s i g n e d  t o  
a s s i s t  i n a s s e s s i n g  i t s  c o n t r i b u t i o n  t o  t h e  aroma and f l a v o u r  o f  me a t s .  
R e s u l t s  a r e  p r e s e n t e d  in r e l a t i o n  t o  the n a t u r e  of  the i n v e s t i g a t i o n s  
r a t h e r  t han in c h r o n o l o g i c a l  o r d e r .
In 1979,  as i n d i c a t e d  i n C h a p t e r  5 ,  ESCA s t u d e n t s  c a r r i e d  o u t  
p a i r e d  c o m p a r i s o n s  ( p r e f e r e n c e )  on the young b a r l e y  f ed  lamb and t he  
o l d e r  t u r n i p  f ed w e t h e r s .  T h e  l a t t e r  wer e  p r e f e r r e d  ( p <0 . 0 l ) .  T h e s e  
f i n d i n g s  wer e in l i n e  w i t h  t h o s e  o f  o t h e r  ESCA and QMC t a s t e r s .
In 1981,  t he ESCA s t u d e n t s  compar ed t he  aroma of  r o a s t e d  lamb 
f r om g r a s s  s i l a g e  and l u c e r n e  s i l a g e  f ed l ambs.  The  f i r s t ,  f o u r t h  
and s i x t h  s e r i e s  o f  t u b e s  c o n t a i n e d  l ean o n l y .  T h e  s e c o n d ,  t h i r d  and 
f i f t h  s e r i e s  c o n t a i n e d  l ean + f a t .  R e s u l t s  a r e  i n d i c a t e d  i n T a b l e
1 1 . 2 .  In t he t r i a n g l e  t e s t s ,  the l u c e r n e  s i l a g e  f ed sampl e was t he
odd sampl e w i t h  g r a s s  s i l a g e  f ed  sampl es  as t h e  i d e n t i c a l  p a i r .
T a b l e  11. 2 A s s e s s i n g  D i f f e r e n c e s  Between Gr a ss  S i l a g e  and L u c e r n e
S i l a g e  Fed Sampl es by the Use of  T r i a n g l e  T e s t s
T e s t e r s  P r e s e n t a t  i ons C o r r e c t  %_
I d e n t  i f  i c a t i  ons C o r r e c t
Lean o n l y  *+9 1^7 ^9 33^/3
Lean + F a t  ^9 1^7 ^9 33^/3
Each t a s t e r  c o u l d  i d e n t i f y  t h e  odd sampl e c o r r e c t l y  on z e r o ,  o n e ,  two
or  t h r e e  o c c a s i o n s .  On t he n u l l  h y p o t h e s i s ,  e x p e c t e d  f r e q u e n c i e s  a r e
b i n o m i a l l y  d i s t r i b u t e d .  I f  the o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  a r e  
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compar ed x  v a l u e s  a r e  4 . 7 9  and 3 . 0 3  f o r  l ean and lean + f a t
r e s p e c t i v e l y  ( 3 d f ) .  As wou l d  have been e x p e c t e d  f r om T a b l e  1 1 . 2 ,
t h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  aroma of
t he  g r a s s  s i l a g e  and l u c e r n e  s i l a g e  f ed  s a mp l e s .  I t  was a l s o  c l e a r l y
i n d i c a t e d  t h a t  t h e  p r e s e n c e  o f  v i s i b l e  f a t  d i d  n o t  a f f e c t  t h i s  r e s u l t .
T h e  same g r o u p  of  s t u d e n t s  c o u l d  d e t e c t  no f l a v o u r  d i f f e r e n c e  by the
use o f  t r i a n g l e  t e s t s  ( p <0 . 1 7  d e r i v e d  f rom the z s t a t i s t i c )  and had no
2
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  (x = 1 . 56 ( 1 d f ) p <0 . 2 1 2 )  f o r  t he
l ean o f  sampl es f r om e i t h e r  f e e d i n g  r e g i me .
As r e p o r t e d  i n C h a p t e r  8,  T a b l e  8.10 s t a t i s t i c a l l y  s i g n i f i c a n t
d i f f e r e n c e s  i n t he aroma of  g r a s s  and rape f ed sampl es wer e  d e m o n s t r a t e d  
2
V a l u e s  of  x  f ° r raw anc* cooked sampl es wer e 11. 93 and 3 . 8 5  r e s p e c t i v e l y  
The W i I c o x o n  t e s t  i n d i c a t e d  t h a t  t h e r e  was no d i f f e r e n c e  i n s u b j e c t s '  
p e r f o r m a n c e  when sampl es  wer e a s s e s s e d  raw r a t h e r  t han c ooke d.  T h i s  
ESCA r e s u l t  c o n f i r m s  r e s u l t s  of  p r e v i o u s  e x p e r i m e n t s ,  i n c l u d i n g  
t h o s e  r e s u l t s  s e t  o u t  i n  T a b l e  1 1 . 1 .
In C h a p t e r  2 ,  i t  was n ot e d  t h a t  many w o r k e r s  c o n s i d e r  t h a t  l ean 
t i s s u e  f rom b e e f ,  lamb and p or k  i s  v e r y  s i m i l a r  when cooked i d e n t i c a l l y
o r / _________________________________________________________________________________________________
-:As not ed in c o n t e x t ,  t h e s e  r e s u l t s  s h o u l d  be v i e we d  w i t h ' s o m e  c a u t i o n .  
P r o b a b i l i t i e s  a r e  p <0 . 0 0 1  and p < 0 . 0 5  (1 d f ) r e s p e c t i v e l y .
or  w a t e r  s o l u b l e  e x t r a c t s  a r e  h e a t e d .  T h e y  s u g g e s t  t h a t  t he  s p e c i e s  
s p e c i f i c  f a c t o r s  a r e  t o  be f oun d  i n t he  f a t t y  t i s s u e .
An i n v e s t i g a t i o n  of  t h i s  h y p o t h e s i s  was c a r r i e d  o u t  by ESCA 
s t u d e n t s  i n 1980 by the use o f  t r i a n g l e  t e s t s  t a b u l a t e d  i n T a b l e  1 1 . 3 .
T he  d e s i g n  of  t h e  e x p e r i m e n t  i s i n d i c a t e d  i n T a b l e  6 . 2 .
T a b l e  11. 3  I d e n t i f y i n g  Cooked Beef  and Lamb Wi t h  or  W i t h o u t  F a t t y
T i s s u e  by t he Use of  T r i a n g l e  T e s t s  
Beaker s  1 A 6 A Lamb + lamb f a t
B Beef + be ef  f a t
"  2 3 5 A Lamb -  l ean o n l y
B Beef  -  lean o n l y
P r e s e n t a t i o n  i n each t r i a l  was ABA,  AAB and BAA. R e s u l t s  a r e  
p r e s e n t e d  i n T a b l e  1 1 . A.
T a b l e  1 1 . A R e s u l t s  o f  T r i a n g l e  T e s t s  t o  I d e n t i f y  Beef  and Lamb
Wi t h  and W i t h o u t  F a t t y  T i s s u e
T a s t e r s  P r e s e n t a t i o n s  C o r r e c t  % C o r r e c t
I de n t  i f  i c a t  i ons
Lean + F a t  5A 162 93 57
Lean o n l y  5A 162 106 75
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I f  o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  a r e  compar ed x  v a l u e s  a r e  8 1 . 9 A 
and 1A5. 92 r e s p e c t i v e l y  ( 3 d f ) .  T h e r e  a r e  t hus  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  in the aroma o f  be ef  and lamb i n t h e  p r e s e n c e  or  absenc e  of
v i s i b l e  f a t .  T h e s e  f i n d i n g s ,  w h i c h  wer e  u n e x p e c t e d ,  a r e  n o t  in a g r e e ­
ment w i t h  t h o s e  o f  Waterman and T a l l e y  ( 1 9 6 8 ) ,  F o r s s  ( 1 9 6 3 ) ,  H o r n s t e i n  
and Crowe ( 1963a and 1 9 6 3 b ) ,  Pepper  and Pear son ( 1 97 1 )  and Pe ar son et  
a 1 ( 1 9 7 3 ) .
ESCA s t u d e n t s  wer e not  o n l y  a b l e  t o  d i s t i n g u i s h  be ef  and lamb 
sampl es  i n t h e  a bsence o f  v i s i b l e  f a t ,  but  a c u i t y  was g r e a t e r  when 
on 1 y/
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o n l y  l ean meat  o f  t h e  s p e c i e s  was u sed.  When t he r e s u l t s  o f  t h e  two 
t r i a l s  wer e  compared by c o n s t r u c t i n g  a 2 x  2 c o n t i n g e n c y  t a b l e ,  t h e  
c a l c u l a t e d  v a l u e  o f  x  was 3 . 5 7  ( 1 df  p <0 . 1 0 ) .  Pe r ha p s  t h e r e  was 
s u f f i c i e n t  of  t he  w a t e r  s o l u b l e  p h o s p h o l i p i d  f r a c t i o n  i n t h e  p e r i m y s i u m  
t o  c o n f e r  t y p i c a l  f l a v o u r  o f  s p e c i e s  on t he  l ean t i s s u e  d u r i n g  t he  
c o o k i n g  p r o c e s s  ( Rhodes 1973,  Rhodes 1978,  Mo t t r a m and Edwar ds 1 9 8 3 ) .
U n l i k e  t h e  t r i a n g l e  t e s t s  on f l a v o u r ,  t h e r e  was no d e m o n s t r a b l e  
d i f f e r e n c e  i n t h e  a p p e a r a n c e  o f  t h e  beef  and lamb s a mp l e s .  S i n c e  
o n l y  s n i f f i n g  was r e q u i r e d  i n  aroma a s s e s s m e n t s ,  p o s s i b l e  t e x t u r a l  
d i f f e r e n c e s  we r e  n o t  of  r e l e v a n c e  in t h e s e  s t u d i e s .
T h i s  g r o u p  o f  s t u d e n t s  a l s o  c a r r i e d  ou t  t r i a n g l e  t e s t s  on the
f l a v o u r  o f  t h e  same beef  and lamb s a mp l e s .  A l t h o u g h  t h i n  s l i c e s
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o f  t he  l ean had been c u t  i n u n i f o r m  10mm p i e c e s ,  i t  i s p o s s i b l e  t h a t  
a p p e a r a n c e  c o u l d  have p r o v i d e d  c l u e s .  By c o o k i n g  t h e  lamb t o  an 
i n t e r n a l  t e m p e r a t u r e  of  75°C and t h e  be ef  t o  7 ^ ° C ,  doneness  and hence 
c o l o u r  was s i m i l a r  e s p e c i a l l y  at  t he p o i n t  of  p r e s e n t a t i o n .  T e x t u r a l  
d i f f e r e n c e s ,  a l t h o u g h  e v e r y  e f f o r t  was made t o  m i n i m i s e  t hem,  c o u l d  
have pr ompt ed a p a r t i c u l a r  r e s p o n s e .  As i n t h e  t r i a n g l e  t e s t s  on 
ar oma ,  t h e r e  wer e  two lamb and one beef  sampl e p r e s e n t e d .  S u b j e c t s  
wer e  however  asked t o  i d e n t i f y  d i f f e r e n c e s  o n l y  on t h e  b a s i s  of  
f l a v o u r .
T h e r e  wer e  63 t a s t e r s .  Of  the 6 3 ,  *̂2 ( 67%)  made t he  c o r r e c t  
i d e n t i f i c a t i o n  of  t h e  odd s a mp l e .  T h e  number  of  c o r r e c t  r e s p o n s e s  
t o  g i v e  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t  i s  3^ ( p <0 . 0 0 l ) . *  Hence 
t h i s  r e s u l t  was c l e a r l y  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  Wi t h  t he 
q u a l i f i c a t i o n s  o f  t h e  p r e v i o u s  p a r a g r a p h ,  i t  t h u s  seems t h a t  t h i s  g r o u p  
can d i f f e r e n t i a t e  cooked lamb and beef  bot h  on t h e  b a s i s  of  aroma and 
f l a v o u r .  T h e  p r e s e n c e  o f  v i s i b l e  f a t  i s  not  r e q u i r e d .
T h i s / ______________________________________________________________________________________
- ' -Expanded S t a t i s t i c a l  T a b l e s  R o e s s l e r  e t  al  1978.
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T h i s  1980 g r o u p  of  s t u d e n t s  p e r f o r me d  w e l l  i n  a l l  s e n s o r y  a p p r a i s a l  
t e s t s  t h e y  c a r r i e d  o u t .  As i n d i c a t e d  i n C h a p t e r  9 ,  t h e y  e s t a b l i s h e d  
a s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e  f o r  g r a s s  f ed  r a t h e r  than 
g r a s s  s i l a g e  with b a r l e y  s u p p l e me n t  f ed lamb ( p < 0 . 0 0 8 ) .  Lambs were approxi mately 
t h e  same age at  s l a u g h t e r  and d i f f e r e d  o n l y  i n f e e d i n g  r e g i me .
In 1979,  a g r o u p  o f  BSc s t u d e n t s  of  A g r i c u l t u r e  u n d e r t o o k  a s e r i e s  
o f  s e n s o r y  a p p r a i s a l  t e s t s .  T r i a n g l e  t e s t s  f o l l o w e d  t h e  d e s i g n  i n d i c a t e d  
i n T a b l e  6 . 2 .  The  p a i r e d  sa mp l e s  ( A)  we r e  young p o r k  f a t  and t h e  odd 
sampl e ( B)  was v e r y  m a t u r e  p o r k  f a t .  Sampl es wer e p r e s e n t e d  raw and 
c o o k e d .  Por k  l o i n s  wer e  used and cooked sampl es  camefrom j o i n t s  w h i c h  
had r eached an i n t e r n a l  t e m p e r a t u r e  of  85°C.  R e s u l t s  a r e  g i v e n  in 
T a b l e  1 1 . 5 .
T a b l e  11. 5  R e s u l t s  of  T r i a n g l e  T e s t s  t o  Compare t h e  Aroma of  Raw
and Cooked F a t s  f r om Young and M a t u r e  P i g s
T e s t e r s  P r e s e n t a t  i ons C o r r e c t  % C o r r e c t
I de n t  i f  i c a t  i ons
Raw 56 168 72 h l . S
Cooked 56 168 Ik kb . 0
T h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n aroma o f  bot h 
raw and cooked sampl es  ( p <0 . 0 l ) .  T h e s e  d i f f e r e n c e s  wer e n o t  a l t e r e d  
by t he  c o o k i n g  p r o c e s s .  T h e r e  was a l s o  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  i n t he  f l a v o u r  of  t he  lean t i s s u e  as j u d g e d  by t r i a n g l e  
t e s t s  wh er e  28 o f  56 t a s t e r s  i d e n t i f i e d  t he  odd sampl e c o r r e c t l y  ( p <0 . 0 1 )  
T h i s  g r o u p  a l s o  had a s t a t i s t i c a l l y  s i g n i f i c a n t  f l a v o u r  p r e f e r e n c e  
f o r  t u r n i p  f ed lamb s l a u g h t e r e d  i n F e b r u a r y  1978 compared w i t h  young 
b a r l e y  f ed lamb s l a u g h t e r e d  in May 1978 a t  f i v e  mont hs o f  age ( p <0 . 0 1 )  
as i n d i c a t e d  i n C h a p t e r  7.
In 1983,  t he  aroma of  r o a s t e d  p o r k  was compared w i t h  r o a s t e d  boar  
m e a t . /
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me a t .  Bot h wer e  l o i n  r o a s t s  cooked t o  an i n t e r n a l  t e m p e r a t u r e  of
8 5 ° C . I n t e r e s t  was f o c u s s e d  on t h e  i mp o r t a n c e  of  f a t t y  t i s s u e  i n
p o r k  f l a v o u r .  T h e r e  wer e  37 ESCA s t u d e n t s  of  whom 23 wer e  f e ma l e
and l A m a l e .  Sampl e p a i r s  (A)  wer e  p o r k  and t h e  odd sampl e (B)  was
b o a r .  T u b e s  i n the f i r s t ,  f o u r t h  and s i x t h  t r i a l s  c o n t a i n e d  lean
+ f a t t y  t i s s u e .  T u b e s  i n  t h e  s e c o n d ,  t h i r d  and f i f t h  t r i a l s  c o n t a i n e d
l e an  o n l y .  R e s u l t s  a r e  g i v e n  i n T a b l e  1 1 . 6 .
T a b l e  11. 6  R e s u l t s  o f  T r i a n g l e  T e s t s  t o  Compare t he  Aroma of
Ro a s t e d  Por k  and Boar  Meats Wi t h  and W i t h o u t  V i s i b l e  
F a t
T e s t e r s  P r e s e n t a t  i ons Cor  r e c t  % C o r r e c t
I d e n t  i f  i c a t  i ons
Lean + F a t  37 111 85 7 6 . 6
Lean o n l y  37 111 A9 A A . l
T h u s ,  u n l i k e  t h e  r e s u l t s  of  t h e  s p e c i e s  i d e n t i f i c a t i o n  t r i a l s  ( T a b l e
1 1 . A)  t h e  p r e s e n c e  o f  f a t t y  t i s s u e  g r e a t l y  i mpr oved t he t e s t e r s  a b i l i t y
t o  d e t e c t  t he  odd sampl e i n t r i a n g l e  t e s t s .  A 2 x 2 C o n t i n g e n c y  t a b l e
was c o n s t r u c t e d  t o  d e m o n s t r a t e  t h e  d i s t r i b u t i o n  o f  c o r r e c t  and i n c o r r e c t
r e s p o n s e s .  Ob s e r v e d  and e x p e c t e d  f r e q u e n c i e s  wer e  compared and t he
v a l u e  of  x  was c a l c u l a t e d .  T h i s  v a l u e  was 2 3 . 0 6  ( 1 d f ) i n d i c a t i n g  t h a t
t h e  p r e s e n c e  o f  f a t  made a v e r y  h i g h l y  s i g n i f i c a n t  c o n t r i b u t i o n  t o
2
s u b j e c t s '  p e r f o r m a n c e .  T h e  c o r r e s p o n d i n g  v a l u e  o f  X i n t h e  s p e c i e s  
i d e n t i f i c a t i o n ,  wher e  p e r f o r m a n c e  was b e t t e r  in the absenc e  of  f a t  was 
3 . 5 7  ( 1 d f ) p < 0 . 10.
Compounds r e s p o n s i b l e  f o r  sex odour  ( f o r m e r l y  known as boar  t a i n t )  
a r e  e t h e r  s o l u b l e ,  n o n - s a p o n i f i a b 1e and l o c a t e d  i n f a t t y  t i s s u e .  Two 
compounds have been i d e n t i f i e d  -  5 - a n d r o s t - 16 - e n e - 3 ~ o n e  and 3 - h y d r o x y -  
5 - a n d r o s t - 1 6 - e n e  of  w h i c h  t he  3 ~k e t one  i s c o n s i d e r e d  t o  have t h e  more 
i m p o r t a n t  r o l e  ( R e i n e c c i u s  1 9 7 9 ) .  T h e r e  i s  a sex d i f f e r e n c e  i n a b i l i t y  
t o /
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t o  d e t e c t  sex o d o u r .  G r i f f i t h s  and P a t t e r s o n  ( 1970)  r e p o r t e d  t h a t  
h6% o f  mal es and 38% o f  f e ma l e s  c o u l d  d e t e c t  t he aroma.  T h u s  t he 
p e r f o r m a n c e  o f  the ma l e s  and f e m a l e s  i n  t h e  t e s t s  was s t u d i e d .  R e s u l t s  
a r e  i n d i c a t e d  i n T a b l e  1 1 . 7 .
T a b l e  11. 7  Co mp a r i s o n  o f  P e r f o r m a n c e  of  Mal es  and Femal es  in
T r i a n g l e  T e s t s  when Ro a s t e d  Por k  and Boar  a r e  As s e s s e d
Wi th or  Wi t h o u t  Fa t
Lean + F a t  Lean O n l y
C o r r e c t  I n c o r r e c t  T o t a 1 C o r r e c t  1n c o r  r e c t  T o t a 1
Mal es 30 12 h i 12 30 h i
Femal es 55 1 h 69 37 32 69
T o t a l s  85 26 111 h3 62 111
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V a l u e s  o f  x  we r e  c a l c u l a t e d  f o r  t h e  two t r i a l s  and we r e  0 . 7 ^  and
5 . 6 3  f o r  l ean + f a t  and lean o n l y  r e s p e c t i v e l y  ( 1 d f ) .  T h u s  i n t h e s e
t r i a l s  mal e and f e ma l e s  i d e n t i f i e d  t h e  odd sampl e i n the t r i a n g l e  t e s t
in a p p r o x i m a t e l y  t h e  same p r o p o r t i o n s  ( 7 1 . ^  and 13-1% r e s p e c t i v e l y ) .
2
Whereas i f  o n l y  t h e  l ean wer e  p r e s e n t e d ,  wher e  t h e  v a l u e  o f  x  was
5 . 6 3  ( i d f )  t h e r e  i s a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  ( p <0 . 0 2 )  
bet ween t he  r e s p o n s e s  of  mal es  and f e ma l e s  w i t h  c o r r e c t  r e s p o n s e s  o f  
2 8 . 6 %  and 7 9 - 0 3 % r e s p e c t i v e l y .  T h u s  g r e a t e r  s e n s i t i v i t y  i n f e m a l e s  i s  
c o n f i r m e d .  S u f f i c i e n t  f a t  i s l i k e l y  t o  be p r e s e n t  i n  the l ean t i s s u e  
t o  i d e n t i f y  t h e  odd sampl e p r e s u m a b l y  as a r e s u l t  of  the p r e s e n c e  of  
t h e s e  sex od ou r  compounds in t h e  p e r i m y s i a l  t i s s u e .
I f  t h e  t o t a l  c o r r e c t  r e s p o n s e s  in t h e  two t r i a l s  i s  c o n s i d e r e d ,  
T a b l e  1 1 . 8 ,  t h e  p r o b a b i l i t y  o f  a c h i e v i n g  t h e s e  r e s u l t s  by chance a l o n e  
i s  i n d i c a t e d .  T h e  Expanded T a b l e s  of  R o e s s l e r  e t  a l  ( 1978)  we r e  used 
t o  d e t e r m i n e  t h e s e  v a l u e s .
T a b le  11.8/
T a b l e  1 1 . 8  Responses i n T r i a n g l e  T e s t s  when Roast ed Par k and Boar  
a r e  A s s e s s e d  Wi t h  and W i t h o u t  F a t
Lean + F a t  Lean O n l y
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T o t a 1 C o r r e c t  p < T o t a l  C o r r e c t  pj
Ma l e s  hi  30 0 . 001 hi  12 NS
Femal es 69 55 0 . 0 0 1  69 ^9 0 . 001
W h i l s t  t h e  v a r i a t i o n  i n r e s p o n s e  between mal es  and f e m a l e s  s u g g e s t s  
t h a t  sex  od ou r  may be t h e  c ause o f  t h e  d e t e c t i o n  o f  d i f f e r e n c e  i n t h e  
aroma o f  p o r k  and boar  m e a t ,  w i t h o u t  f u r t h e r  s t u d y  t h i s  c a n n o t  be c o n f i r m e d .  
I t  i s  a l s o  r e c o g n i s e d  t h a t  i n t h e  p r e s e n c e  o f  v i s i b l e  f a t ,  p e r f o r m a n c e  
o f  mal es  and f e m a l e s  i n t r i a n g l e  t e s t s  was c o m p a r a b l e .
T h i s  s t u d e n t  g r o u p  a l s o  c a r r i e d  o u t  t r i a n g l e  t e s t s  u s i n g  t h e  lean 
of  t he  p o r k  and boar  me a t s .  T h e r e  was no d e t e c t a b l e  d i f f e r e n c e  in 
f l a v o u r  as i s  i n d i c a t e d  i n T a b l e  1 1 . 9 .
T a b l e  11. 9  Compar i ng  t h e  F l a v o u r  o f  Por k  and Boar  Ro a s t s  by t he 
Use of  T r i a n g l e  T e s t s  
T a s t e r s  Responses C o r r e c t  Responses % C o r r e c t  S i gn i f  i c ance 
Mal es  13 5 3 8 . 5  NS
Fema l es 21 9 A 2 . 8 NS
A l l  S u b j e c t s  3^ 1^ A l . 2  NS
T h u s  t h e  d i f f e r e n t  r e s p o n s e  of  mal es  and f e m a l e s  t o  t he  aroma of  
the  l ean boar  meat  is n ot  r e f l e c t e d  i n t he  t r i a n g l e  t e s t s  on f l a v o u r .  
Ho w e v e r ,  R e i n e c c u i s  ( 1979)  e mp ha s i s es  t h a t  h i g h e r  t e m p e r a t u r e s  may be 
r e q u i r e d  t o  a l l o w  compounds such as t h o s e  r e s p o n s i b l e  f o r  sex odour  
t o  v o l a t i l i s e .  Sampl es f o r  aroma as s e s s me nt  wer e h e l d  in a w a t e r b a t h  
a t  60°C wher eas  f l a v o u r  was a s s e s s ed  u s i n g  c o l d  me at s .  T e m p e r a t u r e  
d i f f e r e n c e  c o u l d  t h us  a c c o u n t  f o r  t h e  d i s p a r i t y  i n r e s u l t s  o f  t h e  two 
t e s t s .  S i m i l a r l y ,  t h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  
f o r /
f o r  e i t h e r  sampl e when l ean p o r t i o n s  wer e t a s t e d  c o l d  ( T a b l e  11. 1 0 ) .
T a b l e  1 1 . 1 0  P a i r e d  Co mp a r i s o n  ( P r e f e r e n c e )  T e s t s  -  Por k  and Boar
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R o a s t s
T a s t e r s  Responses  Boar  P r e f e r r e d  % P r e f e r e n c e  S i gni  f  i c a n c e
Mal e 15 9 6 0 . 0 NS
Fema1e 23 8 3 4 . 8 NS
A 11 S u b j e c t s  38 17 4 4 . 7 NS
S t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  r e s u l t s  p r e s e n t e d  i n T a b l e s l l . 9  and
1 1 . 1 0  was d e t e r m i n e d  by the use of  t he  Expanded S t a t i s t i c a l  T a b l e s  
( R o e s s l e r  e t  a l  1 9 7 8 ) .  From T a b l e  1 1. 10  i t  w i l l  be not ed t h a t  
f e w e r  f e m a l e s  t han ma l e s  p r e f e r r e d  t h e  boar  sa mp l e .  T h i s  p r e f e r e n c e
In c o n c l u s i o n ,  i n  t he e x p e r i m e n t s  d e s c r i b e d ,  i t  has been shown 
t h a t  i t  i s  no e a s i e r  t o  d e t e c t  d i f f e r e n c e s  i n aroma a r i s i n g  as a 
r e s u l t  o f  v a r y i n g  f e e d i n g  r e g i me s  i n raw t han i n cooked lamb s a mp l e s .  
T h i s  c o n c l u s i o n  was r e ac h ed bot h by c o mp a r i n g  j u d g e s '  p e r f o r m a n c e  in 
t r i a n g l e  t e s t s  u s i n g  raw and cooked sampl es  and by c o mp a r i n g  s c o r e s  
of  each j u d g e  f o r  raw and cooked sampl es  by W i l c o x o n ' s  M a t c h e d - P a i r s  
S i g n e d - R a n k s  t e s t s .
C o n t r a r y  t o  s u g g e s t i o n s  by o t h e r  a u t h o r s ,  the p r e s e n c e  o f  v i s i b l e  
f a t  was n o t n e c e s s a r y  t o  e n a b l e  d e t e c t a b l e  d i f f e r e n c e s  i n t h e  aroma 
o f  r o a s t e d  be ef  and lamb sampl es  t o  be d e m o n s t r a t e d .  A l t h o u g h  t h e r e  
may have been ' p r o m p t s '  w h i c h  were n o t  p r e s e n t  i n  t h e  aroma t r i a l s ,  
d e t e c t a b l e  d i f f e r e n c e s  i n t he f l a v o u r  of  t h e  lean meats wer e  a l s o  
d e m o n s t r a t e d .  F u r t h e r  e x p e r i m e n t s  a r e  r e q u i r e d  t o  c o n f i r m  o r  r e f u t e  
t h e s e  f  i nd i n g s .
S t a t i  s t i  c a l  1 y /
was n ot  of  s t a t i s t i c a l  s i g n i f i c a n c e  ( x^  = 1 . 0 0 ) .
S t a t i s t i c a l l y  s i g n i f i c a n c e  d i f f e r e n c e s  wer e  d e m o n s t r a t e d  i n t he 
aroma o f  f a t s  f r o m t r a d i t i o n a l  p o r k  and j o i n t s  f r om v e r y  ma t u r e  p i g s .
In t h i s  e x p e r i m e n t ,  u n l i k e  t h e  d e o i l e d  h e r r i n g  s i l a g e  t r i a l s ,  t h e r e  
was no d i f f e r e n c e  i n j u d g e s '  p e r f o r m a n c e  when f a t s  wer e  a s s e s s e d  raw 
or  c ooked.  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n t h e  f l a v o u r  of  
the  cooked l ean sampl es was d e m o n s t r a t e d .  T h u s  n e i t h e r  t he  c o o k i n g  
p r o c e s s  nor  t h e  a bsence o f  v i s i b l e  f a t  a f f e c t e d  j u d g e s  a b i l i t y  t o  
d i f f e r e n t i a t e  aroma or  f l a v o u r .
When t he  aroma of  cooked p o r k  and boar  meats was c o mp a r ed ,  t h e  
p r e s e n c e  of  v i s i b l e  f a t s  made a v e r y  h i g h l y  s i g n i f i c a n t  i mpr ovement  
i n  j u d g e s '  p e r f o r m a n c e .  In c o mp a r i n g  beef  and lamb j u d g e s '  p e r f o r m ­
ance in t r i a n g l e  t e s t s ,  a c u i t y  was g r e a t e r  when a s s e s s me n t s  wer e  made 
i n the absenc e  o f  v i s i b l e  f a t .  T h i s  g r e a t e r  a c u i t y  was not  of  
s t a t i s t i c a l  s i g n i f i c a n c e  ( p <0 . 10)  wher eas  i n t he p o r k  and boar  t r i a l s  
t h e  i mpr ovement  was ( p <0 . 0 0 l ) .
In c o mp a r i n g  cooked p o r k  and boar  m e a t s ,  p e r f o r m a n c e  o f  f e ma l e  
and ma l e  j u d g e s  i n t he  aroma t r i a l s  was compar ed.  P e r f o r m a n c e  of  
f emal es  was c o m p a r a b l e  e i t h e r  i n the p r e s e n c e  or  absence o f  v i s i b l e  
f a t s .  P e r f o r m a n c e  of  mal e j u d g e s  d e t e r i o r a t e d  i n t he  absenc e  of  
v i s i b l e  f a t s  and s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in p o r k  and 
boar  aroma wer e  n o t  d e m o n s t r a t e d .  T h i s  f i n d i n g  s u g g e s t s  t h a t  
compounds r e s p o n s i b l e  f o r  sex odour  caused d e t e c t a b l e  d i f f e r e n c e s  in 
aroma bet ween s a mp l e s .  No f l a v o u r  d i f f e r e n c e s  wer e  e s t a b l i s h e d  i n 
t r i a n g l e  t e s t s  and t h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  
f o r  e i t h e r  s a mp l e ,  a l t h o u g h  f e m a l e s  t ended t o  p r e f e r  p o r k  r a t h e r  than 
b o a r .  I t  s h o u l d  be not e d  t h a t  aroma a s s e s s me nt s  wer e made a t  a p p r o x ­
i m a t e l y  60°C wh er eas  t a s t i n g  t ook p l a c e  at  room t e m p e r a t u r e .  V o l a t i l e s  
r e s p o n s i b l e  f o r  d i f f e r e n c e s  i n aroma a t  t he  h i g h e r  t e m p e r a t u r e  may not  
be/
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be d e t e c t a b l e  a t  room t e m p e r a t u r e .  F u r t h e r  t e s t s  woul d  have been 
r e q u i r e d  t o  d e m o n s t r a t e  i f  compounds r e s p o n s i b l e  f o r  sex o d o u r ,  w h i c h  
a r e  known t o  be v o l a t i l e  o n l y  a t  h i g h e r  t e m p e r a t u r e s  and t o  cause 
d i f f e r e n t  r e s p o n s e s  i n f e ma l e  and mal e  s u b j e c t s ,  caused t h e  d e t e c t a b l e  
aroma d i f f e r e n c e s .  C a i n  ( 1 98 2 )  r e p o r t e d  g e n e r a l  f e ma l e  s u p e r i o r i t y  
i n  aroma t e s t s  w i t h  46 s u b j e c t s .
I t  i s  a l s o  s u g g e s t e d  t h a t  t h e  r o l e  o f  f a t s  i n t h e  aroma and 
f l a v o u r  of  meat s cooked by t r a d i t i o n a l  met hods r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n .  I t  seems l i k e l y  t h a t  c o s t s  c o u l d  be m i n i m i s e d  by 
t h e  use of  t r i a n g l e  t e s t s  on raw lamb t i s s u e  t o  d e t e c t  p o s s i b l e  
d i f f e r e n c e s  in f l a v o u r  a r i s i n g  as a r e s u l t  o f  f e e d i n g  r e g i m e .  T e s t s  
c o u l d  be r e a d i l y  o r g a n i s e d  and t h e  v a l u e  of  c a r c a s s e s  p r e s e r v e d .
T h e  o n l y  p r o b l e m  c o u l d  be t h e  d i s a g r e e a b l e  e f f e c t s  the p r o c e d u r e  has 




The p r o b l e m s  of  c o mp a r i n g  r e s u l t s  f rom d i f f e r e n t  l a b o r a t o r i e s  
a r e  c o n s i d e r e d .  V a r i a t i o n s  in t h e  p r e p a r a t i o n  and p r e s e n t a t i o n  of  
sampl es t o  t a s t e r s ,  i n a s s e s s me n t  p r o c e d u r e s  and in t h e  a n a l y s i s  of  
e x p e r i m e n t a l  r e s u l t s  a r e  d e s c r i b e d  and d i s c u s s e d .  R e s u l t s  o f  the 
p r e s e n t  s t u d i e s  a r e  c o n s i d e r e d  in d e t a i l .  Recommendat i ons f o r  
f u r t h e r  i n v e s t i g a t i o n s  a r e  made.
1. Pr o b l e ms  of  Comp a r i n g  R e s u l t s  Between L a b o r a t o r i e s
As has a l r e a d y  been n o t e d ,  i n r e v i e w i n g  s t u d i e s  o f  lamb p a l a t -  
a b i l i t y ,  the r e a d e r  i s  i m m e d i a t e l y  aware of  s t r i k i n g  d i f f e r e n c e s  in 
t he  p r e p a r a t i o n ,  p r e s e n t a t i o n  and met hods o f  as s e s s me nt  between 
l a b o r a t o r i e s .  The  m a j o r i t y  of  p u b l i c a t i o n s  i n d i c a t e  t h a t  some f or m 
of  h e d o n i c  r a t i n g  s c a l e  has been used t o  a s s e s s  lamb c h a r a c t e r i s t i c s .
S c o r e s  d e r i v e d  f r om t h e s e  s c a l e s  ar e  used i n s u b s e q u e nt  s t a t i s t i c a l  
a n a l y s i s  of  d a t a .  C h a r a c t e r i s t i c s  s t u d i e d  i n c l u d e  i n t e n s i t y  of  
f l a v o u r  and aroma on a 12 p o i n t  s c a l e  ( Cr amer  e t  a l  1967;  N i c o l  and 
J a g u s c h ,  E x p e r i m e n t  3 1971;  Mi s o c k  e t  a l  1 9 7 2 ) ,  a n i n e  p o i n t  
a t t i t u d i n a l  ( l i k e / d i s l i k e )  s c a l e ,  t h e  d e v e l o p m e n t  of  w h i c h  was t r a c e d  
by Peryam and P i l g r i m  ( 1 9 5 7 ) ,  (Kemp e t  a l  1972 and 1976;  J e r e m i a h  
e t  a l  1972)  or  more s t r u c t u r e d  s c a l e s  such as t h o s e  d e s c r i b e d  by 
Woodhams e t  al  ( 1 9 6 5 ) ,  K i r t o n  and P i c k e r i n g  ( 1 9&7) Par k e t  al  ( 1 9 7 2 ) ,  
and H a r r i e s  e t  a l  ( 1 9 6 3 ) .  The l a t t e r  a u t h o r s  d e v i s e d  t h e i r  
v o c a b u l a r y  a f t e r  t a k i n g  i n t o  a c c o u n t  t a s t e r s '  v i e w s  c o n c e r n i n g  ease in 
use and c l a r i t y  o f  me a n i n g .  T h e i r  s c a l e s  i n v o l v e  t h e  use of  p o s i t i v e  
and n e g a t i v e  i n t e g e r s  wh er e a s  t h o s e  o f  Par k  e t  al  ( 1 9 7 2 )  do n o t .  The  
use o f  h e d o n i c  s c a l e s  o f  d i f f e r e n t  t y p e s  i s  c o n s i d e r e d  i n C h a p t e r  3 of  
t h i s  s t u d y .  H a r r i e s  ( 1 96 3 )  i n d i c a t e d  t h a t  i t  was r e c o g n i s e d  t h a t  t he  
s c a l e s  wer e a r b i t r a r y  and t h a t  i t  was n ot  known by how much s t e p s  between 
s u c c e s s  i ve/
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s u c c e s s i v e  s c o r e s  may v a r y .  D e t a i l e d  c o m p a r i s o n s  o f  t h e  e f f e c t i v e n e s s  
o f  d i f f e r e n t  s c a l e s  was n ot  p o s s i b l e  a t  t h a t  t i me  ( 1 9 6 3 ) .  A t  MR I , 
a c o m b i n a t i o n  of  an a t t i t u d i n a l  s c a l e  and a more s t r u c t u r e d  s c a l e  was 
used by Rhodes ( 1 9 7 6 ) .
Most  of  t h e  r e s u l t s  of  s e n s o r y  t e s t i n g  a r e  s t u d i e d  by a n a l y s i s  of  
v a r i a n c e  u s i n g  t h e  t e c h n i q u e s  o f  Sne dec or  and C o c h r a n  ( 1 9 6 7 ) .  A r i t h ­
m e t i c  means and c o r r e l a t i o n  c o e f f i c i e n t s  a r e  c a l c u l a t e d  and t  t e s t s  
a r e  u s ed .  A m e r i n e  e t  a l  ( 1 9 6 5 )  n o t e  t h a t  n i n e  p o i n t  a t t i t u d i n a l  
s c a l e s ,  f i r s t  d e s c r i b e d  by P e r y a n  and G i r a r d o t  ( 1 9 5 2 ) ,  wer e d e s i g n e d  
f o r  use w i t h  o b s e r v e r s  e n t i r e l y  w i t h o u t  e x p e r i e n c e  in f ood t e s t i n g  
such as t h e  A m e r i c a n  s o l d i e r s  used i n t h e i r  s t u d i e s  and f o r  consumer  
s t u d i e s .  T h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  h e d o n i c  r a t i n g  s c a l e s
a r e  a l s o  i n d i c a t e d  i n C h a p t e r  3 o f  t h e  p r e s e n t  s t u d y .
In C h a p t e r  2 ,  t h e  d i f f i c u l t y  o f  f l a v o u r  a s s e s s me n t s  in compl ex 
f ood s y s t e ms  such as cooked meats i s  c o n s i d e r e d .  F o r  i n s t a n c e ,
Rhodes ( 1 97 8 )  posed t he  q u e r i e s  "What  c o n s t i t u t e s  d e l i c i o u s  o d o u r ,  
how can i t  be m a i n t a i n e d ,  e n h a n c e d ,  i n t e n s i f i e d  and r e p r o d u c e d ? "  In 
the same p ap e r  he i n d i c a t e d  t h a t  s u c c e s s  i n a n a l y s i n g  d e s i r a b l e  cooked 
meat  f l a v o u r  has n ot  y e t  been a c h i e v e d .  Ov er  a p e r i o d  o f  t i me  and 
a c c e p t i n g  t h e i r  l i m i t a t i o n s ,  h e d o n i c  r a t i n g  s c a l e s  have been used a t  
MR I . In an e x p e r i m e n t  t o  compare the e a t i n g  q u a l i t y  o f  U . S .  and U . K .  
meats cooked t o  i n t e r n a l  t e m p e r a t u r e s  t y p i c a l  of  U . S .  and U . K .  p r a c t i c e ,  
mean s c o r e s  f o r  f l a v o u r  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  between o r i g i n  and 
c o o k i n g  me t h o d ,  but  s i g n i f i c a n t  p a n e l l i s t  x o r i g i n  and p a n e l l i s t  x
c o o k i n g  method i n t e r a c t i o n s  wer e d e m o n s t r a t e d .  E i g h t  of  t he  14
p a n e l l i s t s  f ound no f l a v o u r  d i f f e r e n c e s  between t h e  two sampl es o f  
d i f f e r e n t  o r i g i n .  Of  t h e  r e m a i n i n g  s i x  p a n e l l i s t s ,  t wo c o n s i s t e n t l y  
i d e n t i f i e d  f l a v o u r  d i f f e r e n c e s  wher eas t h e  o t h e r  f o u r  o n l y  d i d  so when 
cooked/
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cooked by one or  o t h e r  me t h od.  He a ckn o wl e d g e d  t h a t  t he  l i m i t a t i o n  
of  t h e  a t t i t u d i n a l  h e d o n i c  r a t i n g  s c a l e  used was i m m e d i a t e l y  a p p a r e n t  
and t h a t  such r e s u l t s  d i d  n ot  a l l o w  f i r m  c o n c l u s i o n s  t o  be drawn 
about  t he f l a v o u r  o f  t h e  meat s f r om e i t h e r  s o u r c e .  ' Meat  f l a v o u r  
i n t e n s i t y '  w h i l s t  more o b j e c t i v e  t han h e d o n i c  r a t i n g  s c a l e s  can be 
o f  use i n maki ng  d i r e c t  c o m p a r i s o n s  but  h e d o n i c  b i a s  i s  s t i l l  p r e s e n t  
in t h a t  p a n e l l i s t s  must  d e c i d e  i n d i v i d u a l l y  what  i s  meant  by meat  
f l a v o u r  b e f o r e  r e c o r d i n g  i t s  i n t e n s i t y .
T h e s e  o b s e r v a t i o n s  made by such a h i g h l y  e x p e r i e n c e d  w o r k e r  in 
t h e  f i e l d  o f  s e n s o r y  a p p r a i s a l  of  meat s  s u g g e s t  t h a t  some o f  t h e  f i n d i n g s  
p r e v i o u s l y  r e p o r t e d  s h o u l d  p e r h a p s  be r e g a r d e d  w i t h  a d e g r e e  of  c a u t i o n  
p a r t i c u l a r l y  when d i f f e r e n c e s  between sampl es a r e  s l i g h t .  Rhodes 
i m p l i e d  t h a t  d i f f e r e n t  a p p r o a c h e s  t o  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  in 
r e l a t i o n  t o  meat f l a v o u r  m i g h t  be c o n s i d e r e d .  Even in 1963,  H a r r i e s  
( i b i d )  was aware of  some of  t h e  c o n s t r a i n t s  o f  u s i n g  h e d o n i c  r a t i n g  
s c a l e s .  T h e s e  c o n s t r a i n t s  w i l l  be exami ned l a t e r  in t h i s  c h a p t e r .
As i n d i c a t e d  in C h a p t e r  1,  t h e  mai n aim o f  the p r e s e n t  s t u d y  was 
t o  d e t e r m i n e  i f  any of  t h e  f a t t e n i n g  r e gi me s  f o r  s t o r e  lambs used in 
t h e  1977 ESCA p r o j e c t  -  and wher e  a p p r o p r i a t e  t h e  1978 r e p l i c a t e  -  
caused f l a v o u r  d e f e c t s  i n r o a s t e d  g i g o t s  and l o i n s .  Rape f ed lambs 
had been shown by Par k e t  a l  ( 1972)  and Whe e l e r  e t  a l  ( 1974)  t o  have 
o b j e c t i o n a b l e  aroma and f l a v o u r  when mi nced sampl es  wer e  c ooked.
L u c e r n e  had a l s o  been i m p l i c a t e d  in p r o d u c i n g  f l a v o u r  d e f e c t s  ( N i c o l  
and J a g u s c h  ( 1 9 7 1 ) ,  Par k  e t  a l  ( 1 9 7 2 a ,  1972b and 1 9 7 5 ) .  P r o t e c t e d  
l i p i d  s u p p l e m e n t s  have a l s o  been r e p o r t e d  as c a u s i n g  d i f f e r e n c e s  in 
aroma and f l a v o u r  i n lamb a l t h o u g h  t h e s e  d i f f e r e n c e s  wer e n o t  a l wa y s  
r e g a r d e d  as o b j e c t i o n a b l e  ( W r i g h t  1974;  G a r r e t t  1 9 7 6 ) .
In C h a p t e r  2 ,  c a u s e s  of  v a r i a t i o n  i n lamb f l a v o u r  a r e  c o n s i d e r e d .
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In t h e  l i v e  a ni mal  t h e r e  a r e  c o n f l i c t i n g  r e p o r t s  on t he  e f f e c t s  
o f  b r e e d ,  sex and age on lamb f l a v o u r  a l t h o u g h  t h e r e  i s  g e n e r a l  
agr e e me nt  t h a t  f l a v o u r  i n t e n s i t y  i s  g r e a t e r  in meat s f r o m m a t u r e  t h an  f rom
young a n i m a l s .  S i n c e  a l l  t h r e e  of  t h e s e  f a c t o r s  v a r i e s  between
1a b o r a t o r i e s , i t  i s  n o t  p e r h a p s  s u r p r i s i n g  t h a t  d i f f e r e n t  
e x p e r i m e n t a l  f i n d i n g s  a r e  r e p o r t e d .  Some r e p o r t s  o f  t h e  e f f e c t  of  
p r e s l a u g h t e r  d i e t  on lamb f l a v o u r  a r e  i n d i c a t e d  i n C h a p t e r  1. In 
a d d i t i o n ,  p r e s l a u g h t e r  s t r e s s  i n t r o d u c e s  y e t  a n o t h e r  v a r i a b l e  a f f e c t i n g  
as i t  does mu s c l e  g l y c o g e n  c o n c e n t r a t i o n  and hence u l t i m a t e  pH w i t h  
t he  i m p l i c a t i o n s  c o n s i d e r e d  in C h a p t e r  2.
Po s t  s l a u g h t e r ,  s t i l l  more s o u r c e s  o f  v a r i a t i o n  o p e r a t e .  Con d­
i t i o n i n g  n ot  o n l y  p r o d u c e s  meats of  g r e a t e r  t e n d e r n e s s  but  causes  
changes w h i c h ,  when p r o p e r l y  c o n t r o l l e d ,  a l l o w  a t t r a c t i v e  f l a v o u r  t o  
d e v e l o p  d u r i n g  t h e  c o o k i n g  p r o c e s s .  C a r c a s s  r i p e n i n g  p r a c t i c e s  w i l l  
i n e v i t a b l y  v a r y  f r om one l a b o r a t o r y  t o  a n o t h e r .
2.  P r e p a r a t i o n  and P r e s e n t a t i o n  o f  Sampl es t o  T a s t e r s
In a d d i t i o n  t o  f a c t o r s  d e s c r i b e d  a b o v e ,  c o o k i n g  p r o c e d u r e s  w h i c h  
e x e r t  such marked e f f e c t s  on f l a v o u r  a r e  n ot  s t a n d a r d i s e d  between 
l a b o r a t o r i e s .  T e x t u r e  has bot h d i r e c t  and i n d i r e c t  e f f e c t s  on 
f l a v o u r  p e r c e p t i o n .  R e l e a s e  of  f l a v o u r  v o l a t i l e s  and w a t e r  s o l u b l e  
f l a v o u r i n g  compounds w i l l  o b v i o u s l y  be i n f l u e n c e d  by t e x t u r e .  Even 
i f  ass e s s me nt  o f  o n l y  f l a v o u r  i s  r e q u i r e d ,  i t  i s  d i f f i c u l t ,  i f  n ot  
i m p o s s i b l e ,  t o  p r e v e n t  t e x t u r e  e x e r t i n g  some i n f l u e n c e  on f l a v o u r  
p e r c e p t i o n .  F o r  t h i s  r e a s o n ,  many w o r k e r s  have used mi n c e d  sampl es 
f o r  p r e s e n t a t i o n  t o  t a s t e r s  e i t h e r  as s t e w s ,  meat l o a v e s  o r  p a t t i e s  
in o r d e r  t o  m i n i m i s e  any d i s t r a c t i n g  e f f e c t s  o f  t e x t u r e .  Wong e t  al  
( 1975)  combi ned 90 p e r  c e n t  mi nced l ean t i s s u e  w i t h  10 p e r  c e nt  f a t ,  
added/
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added h a l f  t h e  combi ned v ol ume o f  w a t e r  and a ' l i t t l e '  s a l t .  T h i s  
m i x t u r e  was h e l d  at  150°C f o r  30 m i n u t e s  b e f o r e  5g sampl es  were 
p r e s e n t e d  t o  t a s t e r s  f o r  as s e s s me nt  o f  i n t e n s i t y  of  mu t t o n  f l a v o u r .
In t h i s  s t u d y  t he  c h e m i s t r y  of  mu t t o n  f l a v o u r  was u nd e r  i n v e s t i g a t i o n  
p a r t i c u l a r l y  t h e  c o n t r i b u t i o n s  of  4 - m e t h y 1o c t a n o i c  ( h i r c i n o i c )  and 
4 - m e t h y I n o n a n o i c  a c i d s  t o  mu t t o n  f l a v o u r .  S u b j e c t s  wer e s e n s i t i v e  t o  
c o n c e n t r a t i o n s  o f  0 . 5ppm when t h e s e  compounds were added t o  b l a nd  meat .
B a t c h e r  e t  a l  ( 1 9 6 2 )  and J a c o b s  e t  a l  ( 1 97 2 )  used lamb p a t t i e s  in 
c o mp a r i n g  t h e  f l a v o u r  s c o r e s  of  meat s f rom rams and w e t h e r s .  No 
f l a v o u r  s c o r e  d i f f e r e n c e  was p r e s e n t  between c o n t r o l  and t r e a t e d  
g r o u p s .  Par k  e t  al  ( 1 9 7 2 )  f ound  meat  l o a v e s  l e s s  s e n s i t i v e  than 
st ewed mi nc ed  lamb a l t h o u g h  Wasserman and T a l l e y  ( 1 96 8 )  had f ound t he 
f o r me r  method o f  p r e s e n t a t i o n  t o  be s a t i s f a c t o r y .  Pa r k  e t  al  ( 1 97 2 )  based 
t h e i r  j u d g e m e n t  on a s e r i e s  of  t en t r i a n g l e  t e s t s  when f l a v o u r  i n t e n s i t y  
d i f f e r e d .  D i s c r i m i n a t i o n  was s i g n i f i c a n t l y  p o o r e r  ( p <0 . 0 5 )  w i t h  baked 
l o a v e s  t han w i t h  st ewed m i n c e s .  In a d d i t i o n  i t  was not e d  t h a t
mi n c e s  wer e more r e a d i l y  cooked in a s t a n d a r d  ma nner .  T r i mmed lean 
t o g e t h e r  w i t h  added s e p a r a t e d  f a t  (10%)  was m i n c e d .  A b a t c h  o f  400g 
w i t h o u t  added s a l t  was b r o u g h t  t o  t h e  b o i l  w i t h  400g o f  w a t e r  in a 
c o v e r e d  pan.  A f t e r  20 m i n u t e s  sampl es were h e l d  i n a w a t e r  bat h at  
75°C b e f o r e  p r e s e n t a t i o n  ( h o t )  t o  t he  a s s e s s o r s .  Pear son e t  a l  ( 1973)  
a l s o  used d e f a t t e d  lean mi nced t i s s u e  b u t  t h i s  t r e a t m e n t  i s  not  t y p i c a l  
of  nor mal  c u l i n a r y  p r a c t i c e  p a r t i c u l a r l y  as t h e  aim o f  P e a r s o n ' s  s t u d i e s  
was t o  i n v e s t i g a t e  t he  c o n t r i b u t i o n  o f  f a t  and l ean t o  t h e  aroma of  
cooked beef  and lamb.  F l a v o u r  ass e s s me n t s  were n ot  made.  T h e s e  
w o r k e r s  however  s u g g e s t e d  t h a t  t h e i r  lamb s a m p l e s d i d  n ot  c o n t a i n  t he  
s t r o n g  aroma a s s o c i a t e d  w i t h  lamb g r a z e d  on w h i t e  c l o v e r  and l u c e r n e  
as r e p o r t e d  by Cr amer  e t  a l  ( 1967)  and N i c o l  and J a c g u s c h  ( 1 9 7 1 ) .
In/
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In l a t e r  t r i a l s  d e s c r i b e d  by F or d  and Pa r k  ( 1 9 8 0 ) ,  lamb c a r c a s s e s  
suspended f r om t h e  p e l v i s  w i t h i n  one hour  of  s l a u g h t e r  ( t e n d e r s t r e t c h e d ) 
wer e  u s ed.  C a r c a s s e s  o f  m o r e u n i f o r m  t e n d e r n e s s  a r e  p r o d u c e d .  T hu s  
" t h e  r i s k s  o f  t e n d e r n e s s  i n t e r f e r i n g  w i t h  f l a v o u r  assessment  a r e  t h e r e -  
f o r e g r e a t l y  r e du c e d  and meat  can be p r e s e n t e d  t o  p a n e l l i s t s  i n a more 
p a l a t a b l e  f o r m . "  T h e  i n f l u e n c e  of  c o o k i n g  method on panel  r e s u l t s  has 
n ot  been measur ed but  i n a s e r i e s  o f  t r i a l s  c a r r i e d  ou t  by Par k  e t  al  
( 1 97 5 )  r e s u l t s  s u g g e s t  t h a t  i n t e r f e r e n c e  w i t h  f l a v o u r  assessment  d i d  
not  o c c u r  even i f  sampl es  wer e n o t  p r e s e n t e d  as u n i f o r m l y  t e x t u r e d  
m i n c e .  T h e  t e c h n i q u e s  of  p r e p a r a t i o n  o f  r o a s t e d  sampl es w h i c h  were 
used do n o t  however  seem t o  be as h i g h l y  c o n t r o l l e d  as in some o t h e r  
l a b o r a t o r i e s .  Rear  l e g s  wer e r o a s t e d  u n c o v e r e d  on t r i v e t s  on 
s t a i n l e s s  s t e e l  t r a y s  in a c o n v e c t i o n  oven a t  190°C w i t h  a c o o k i n g  
t i me  of  s i x  m i n u t e s  f o r  e ach lOOg.  F o r e l e g s ,  p r e p a r e d  as r o l l e d  
s h o u l d e r s  were r o a s t e d  e i t h e r  u n c o v e r e d  o r  i n p o l y e s t e r  c o o k i n g  bags 
t o  an i n t e r n a l  t e m p e r a t u r e  o f  77°C.  T h e  p r i n c i p l e s  o f  t h e s e  two 
h e a t i n g  met hods d i f f e r  in t h a t  t h e  u n c o v e r e d  s h o u l d e r  was cooked by 
a d r y  and t he  c o v e r e d  s h o u l d e r  by a m o i s t  method of  c o o k i n g .  T i m e /  
t e m p e r a t u r e  r e l a t i o n s h i p s  a l t e r .  F l a v o u r  d i f f e r e n c e s  a r e  o f t e n  
o b s e r v e d  when t h e s e  t wo t e c h n i q u e s  a r e  compar ed.  S l i c e s  o f  6~9mm 
t h i c k n e s s  we r e  e i t h e r  s e r v e d  h ot  w i t h i n  30 m i n u t e s  of  c o o k i n g  or  c o l d  
a f t e r  h o l d i n g  o v e r n i g h t  in p o l y e t h y l e n e  bags a t  2°C.  T h e s e  p r a c t i c e s  
wer e f o l l o w e d  a t  Cannon H i l l  but  a t  N o r t h  Ryde l e g s  wer e r o a s t e d  in 
p o l y e s t e r  bags a t  175°C f o r  125 o r  150 m i n u t e s  f o r  lamb and mu t t on  
r e s p e c t i v e l y .  C o mp a r i s on  o f  p e r f o r m a n c e  in a s s e s s i n g  mi n c e  w i t h  
' r o a s t e d '  sampl es  is t h u s  n ot  eas y  f r om t he  d a t a  w h i c h  i s  p r e s e n t e d  
a l t h o u g h  i t  i s d e r i v e d  f rom t h e  same e x p e r i m e n t  ( P a r k  e t  al  1 9 7 5 ) .
Most  A m e r i c a n  w o r k e r s  have f o l l o w e d  t h e  c o o k i n g  p r o c e d u r e s  i n d i c a t e d
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by Cr amer  ( 1 9 6 7 ) .  In t he e x p e r i m e n t s  d e s c r i b e d ,  u nt r i mmed chops f rom
the 12th r i b  wer e  cooked on s t a i n l e s s  s t e e l  r a c k s  in i n d i v i d u a l  c o v e r e d
c a s s e r o l e  d i s h e s .  No w a t e r  was added.  A p r e h e a t e d  oven ( 155°C)  was
u sed.  Chops were cooked t o  an i n t e r n a l  t e m p e r a t u r e  o f  7A°C.  A f t e r
2
c o o k i n g ,  lean and f a t  wer e s e p a r a t e d  i n t o  10mm c u b e s .  R e s i d u a l  meat 
and bones of  each chop wer e  p l a c e d  in w i d e - m o u t h e d  s t o p p e r e d  g l a s s  
j a r s  f o r  od ou r  e v a l u a t i o n .  T a s t e r s  wer e r e q u i r e d  o n l y  t o  s c o r e  
f l a v o u r  i n t e n s i t y  and t o  i g n o r e  o t h e r  o r g a n o l e p t i c  f a c t o r s .  A f t e r  l ean 
sampl es had been a s s e s s e d ,  f a t s  we r e  s u b s e q u e n t l y  chewed and a s s e s s e d .  
F o l l o w i n g  f l a v o u r  e v a l u a t i o n ,  t h e  c o n t e n t s  of  t h e  j a r s  wer e assessed 
f o r  aroma i n t e n s i t y .
N i c o l  and J a g u s c h  ( 1 97 1 )  based t h e i r  wor k w i t h  t r a i n e d  p a n e l l i s t s  
on t h a t  of  Cr amer  ( 1 9 6 7 ) .  From t h e  d e s c r i p t i o n  of  t he  p r o c e d u r e s  in 
t h e i r  t h i r d  e x p e r i m e n t  p r o c e d u r e s  a p p e a r  t o  be t h e  same as t h o s e  of  
Cr amer .  C a r p e n t e r  e t  al  (1969 and 1970)  r o a s t e d  lamb j o i n t s  u n c o v e r e d  
at  an oven t e m p e r a t u r e  of  177°C t o  an i n t e r n a l  t e m p e r a t u r e  o f  75°C.
I t  s h o u l d  be n o t e d  t h a t  t h i s  was t he  p r o c e d u r e  f o l l o w e d  in t h e  p r e s e n t  
s t u d y .  U s b o r n e  ( 1 9 6 1 )  r o a s t e d  c o v e r e d  l eg r o a s t s  t o  an i n t e r n a l  
t e m p e r a t u r e  of  l 8 0 ° F  ( 8 2 ° C ) .  B a t c h e r  e t  a l  ( 1962)  u s i n g  an oven
t e m p e r a t u r e  of  163°C a l s o  a l l o w e d  j o i n t s  t o  r e a c h  t h i s  i n t e r n a l
( 82°C)
t e m p e r a t u r e . ^  O l i v e r  e t  a l  ( 1 9 6 7 )  a l l o w e d  t w e l f t h  r i b  chops t o  r e a c n  
an i n t e r n a l  t e m p e r a t u r e  o f  70°C when g r i l l e d .  S mi t h  e t  a l  ( 1970)  
a r e  l i k e l y  t o  have used t h e  same c o o k i n g  p r o c e d u r e s  as j u d g e d  f r om a 
r e p o r t  of  t h e i r  e x p e r i m e n t a l  s t u d i e s .  Woodhams e t  al  ( 1965)  and 
K i r t o n  e t  a l  ( 1 96 7 )  used an oven t e m p e r a t u r e  o f  163°C t o  a c h i e v e  
i n t e r n a l  t e m p e r a t u r e s  of  80°C.  At  MR I , B r i s t o l ,  oven and i n t e r n a l  
t e m p e r a t u r e s  a r e  r e p o r t e d  as 150°C and 80°C r e s p e c t i v e l y  f o r  meats 
p r e p a r e d  f o r  s e n s o r y  a p p r a i s a l .  Exampl es a r e  qu o t e d  in H a r r i e s  ( i 9 6 0  
and/
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and 1 9 6 3 ) ,  Rhodes (1971 and 1976)  and D r a n s f i e l d  ( 1 9 7 9 ) .
T h u s  c o o k i n g  p r o c e d u r e s  and hence t i m e / t e m p e r a t u r e  r e l a t i o n s h i p s  
show c o n s i d e r a b l e  v a r i a t i o n .  T h i s  v a r i a t i o n  i s  l i k e l y  t o  a f f e c t  
some of  t h e  changes in meat  i nd u ced  by t he c o o k i n g  p r o c e s s .  C e r t a i n l y  
t h e r e  a r e  c o n s i d e r a b l e  f l a v o u r  d i f f e r e n c e s  bet ween mi n c ed  sampl es 
s e r v e d  as st ews and r o a s t e d  me a t s .  S t u d i e s  o f  t he  d i f f e r e n c e s  in 
r o a s t i n g  t e c h n i q u e s  w h i c h  a r e  e x t e n s i v e l y  r e p o r t e d  in G r i s w o l d  ( 1 9 6 2 ) ,
Paul  and Pa l me r  ( 1 9 7 5 )  and Ca mp b e l l  e t  a l  ( 1 97 9 )  c o n c e n t r a t e  more on 
t he  e f f e c t s  o f  oven and i n t e r n a l  t e m p e r a t u r e s  on w e i g h t  l o s s e s ,  
t e n d e r n e s s  and j u i c i n e s s  t han on f l a v o u r .  In C h a p t e r  5 ,  t a s t e r s  
f ound c o n s i d e r a b l e  d i f f i c u l t y  i n d i f f e r e n t i a t i n g  meats cooked t o  
d i f f e r e n t  i n t e r n a l  t e m p e r a t u r e s .  T h e r e  may t h u s  have been l i t t l e  
d i f f e r e n c e  in f l a v o u r  p a r t i c u l a r l y  between t h o s e  cooked t o  i n t e r n a l  
t e m p e r a t u r e s  o f  75°C and 80°C.  I t  may be t h a t ,  p a r t i c u l a r l y  f o r  
lamb,  d i f f e r e n c e s  in r o a s t i n g  p r o c e d u r e s  do n ot  p r o d u c e  s u f f i c i e n t  
d i f f e r e n c e  in f l a v o u r  t o  make c o m p a r i s o n s  o f  r e s u l t s  f r om d i f f e r e n t  
l a b o r a t o r i e s  a p r o b l e m .
3.  V a r i a t i o n s  in A s s e s s me n t  P r o c e d u r e s
As i n d i c a t e d  e a r l i e r  in t h i s  c h a p t e r ,  a d d i t i o n a l  v a r i a t i o n s  o c c u r
when f i n d i n g s  of  d i f f e r e n t  l a b o r a t o r i e s  a r e  compared b ot h  because
e x p e r i m e n t e r s  v a r y  i n how assessment s o f  cooked meat  sampl es  a r e  t o  be 
made and how e x p e r i m e n t a l  r e s u l t s  a r e  s u b s e q u e n t l y  a n a l y s e d .  F o r  
i n s t a n c e ,  Cr amer  ( 1 96 7 )  r e q u i r e d  o n l y  i n t e n s i t y  o f  f l a v o u r  t o  be 
s c o r e d  in one of  f i v e  c a t e g o r i e s .  T h e s e  c a t e g o r i e s  wer e  ‘ n o n e 1,
‘ s l i g h t 1 , ' m o d e r a t e 1, ‘ s t r o n g 1 or  ' i n t e n s e ' .  W i t h i n  each c a t e g o r y
e x c e p t  t he  f i r s t  ( s c o r e d  z e r o )  p ane l  members marked t he  s c o r e  sh ee t  
w i t h  a mi nus  s i g n ,  a t i c k  or  a p l u s  s i g n .  One p o i n t  was t hen 
a 1 l o c a t e d /
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a l l o c a t e d  f o r  e ach o f  t h e s e  t h r e e  r e s p o n s e s  t h us  p r o d u c i n g  a t w e l v e  
p o i n t  s c a l e .  R e s u l t s  wer e t e s t e d  f o r  s i g n i f i c a n c e  by a n a l y s i s  of  
v a r i a n c e  a c c o r d i n g  t o  t h e  met hods o f  S n e d ec or  ( 1 9 5 6 ) .  N i c o l  and 
J a g u s c h  ( E x p e r i m e n t  3 1971)  and Mi s o c k  e t  a l  ( 1 97 2 )  a l s o  f o l l o w e d  
t h i s  p r a c t i c e .  Many e x p e r i m e n t e r s  i n c l u d i n g  Kemp e t  al  ( 1972 and 
1 9 7 6 ) ,  J e r e m i a h  e t  a l  ( 1 9 7 2 ) ,  S mi t h  and C a r p e n t e r  ( 1 9 7 0 ) ,  H e a d l e y  
and J a c o b s o n  ( 1 960)  and K i r t o n  and P i c k e r i n g  ( 1 9 6 7 ) ,  r e q u i r e d  
a t t r i b u t e s  such as t e n d e r n e s s ,  j u i c i n e s s ,  f l a v o u r  and g e n e r a l /  
o v e r a l l  a c c e p t a b i l i t y  t o  be a s s i g n e d  s c o r e s  on a n i n e  p o i n t  a t t i t u d i n a l  
( l i k e / d i s l i k e )  s c a l e .  T h e  d e v e l o p m e n t  o f  such a t t i t u d i n a l  s c a l e s  was 
t r a c e d  by Peryam and P i l g r i m  ( 1 9 5 7 ) .  T h i s  me t h o d ,  f i r s t  d e s c r i b e d  
by Peryam and G i r a r d o t  ( 1 9 5 2 )  o r i g i n a t e d  f r om a seven p o i n t  s c a l e  
d e v i s e d  t o  p r o v i d e  i n f o r m a t i o n  on t h e  p r e f e r e n c e  o f  army p e r s o n n e l  f o r  
i tems on t h e i r  menus.  T h i s  t y p e  o f  u n s t r u c t u r e d  s c a l e  was used i n t he 
c o m p a r i s o n s  o f  lamb sampl es  cooked t o  v a r y i n g  i n t e r n a l  t e m p e r a t u r e s  
d e s c r i b e d  in C h a p t e r  5.  Combi ned w i t h  p o s s i b l y  m a r g i n a l  f l a v o u r  
d i f f e r e n c e s  i n d i c a t e d  e a r l i e r  in t h i s  c h a p t e r ,  t h e  use o f  such u n s t r u c t ­
u r e d  s c a l e s  may have been d a u n t i n g  p a r t i c u l a r l y  t o  t a s t e r s  who were 
r e l a t i v e l y  i n e x p e r i e n c e d .  Both f a c t o r s  may have c o n t r i b u t e d  t o  v a r i a t i o n  
and l a c k  o f  c o n s i s t e n c y  i n r e s p o n s e s .  Because of  t h e  i mp o r t a n c e  of  
s e l e c t i o n  o f  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  t h e  t a s t e r s  i n v o l v e d ,  
c o n s i d e r a b l e  s t u d y  o f  t h e s e  r e s u l t s  was made.  A l t h o u g h a n  i n t e r n a l  
t e m p e r a t u r e  o f  75°C was e v e n t u a l l y  s e l e c t e d ,  s t u d i e s  i n o t h e r  l a b o r a ­
t o r i e s  s u g g e s t  t h a t  i n t e r n a l  t e m p e r a t u r e s  between 75°C and 80°C a r e  
a c c e p t a b l e  t o  most  t a s t e r s .
H a r r i e s  e t  a l  ( 1963)  acknowl e dg ed  t h a t  more s t r u c t u r e d  h e d o n i c  
r a t i n g  s c a l e s  may be r e q u i r e d  t o  make them e a s i e r  t o  use by c l a r i f y i n g  
t h e  meani ng o f  each o f  t h e  t er ms used t o  d e s c r i b e  p r o d u c t  a t t r i b u t e s .
In/
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In t h e  Food I n d u s t r y  wher e  a l i m i t e d  number  o f  p r o d u c t s  i s  assessed 
as p a r t  o f  a q u a l i t y  c o n t r o l  o r  q u a l i t y  a s s u r a n c e  p r ogr a mme,  t h i s  is 
r e c o g n i s e d  p r a c t i c e .  T h e  syst em d e s c r i b e d  by H a r r i e s  ( 1963)  was 
b e i n g  d e v i s e d  a t  t h e  same t i me  as Shewan e t  al  ( 1 95 8 )  wer e d e v e l o p i n g  
a s c o r i n g  s y s t e m f o r  wet  w h i t e  f i s h .  Here t h e  o b j e c t  was t o  exami ne 
d e t e r i o r a t i o n  o f  q u a l i t y  w i t h  s t o r a g e  t i m e .  T h e s e  w o r k e r s  wer e a b l e  
t o  s p e c i f y  a s equence of  o d o u r  and f l a v o u r  d e s c r i p t o r s  r e l a t e d  t o  age 
a f t e r  c a t c h i n g .  T h i s  a l l o w s  f i s h  t o  be c l a s s i f i e d  on a ten p o i n t  
s c a l e .  As i n d i c a t e d  by Howgate ( 1 97 7 )  t h i s  s y s t e m i s  s t i l l  used.
Odour  and f r e s h n e s s  a s s e s s me n t  of  br e a d s  i s  made on a s i x  o r  e i g h t  
p o i n t  s c a l e  by t h e  use of  d e s c r i p t i o n s  such as a b s o l u t e l y  f r e s h  t h r o u g h  
t o  a b s o l u t e l y  s t a l e  ( C o r n f o r d  1 9 7 7 ) .
It was i n d i c a t e d  t h a t  o n l y  t h e  d e s c r i p t o r s  a r e  s u p p l i e d  t o  t a s t e r s .
S c o r e s  a r e  a l l o c a t e d  a f t e r  t a s t i n g  s e s s i o n s  t o  a v o i d  t h e  p r o b l e m 
h i g h l i g h t e d  by Shephar d  ( 1 95 5 )  who s u g g e s t e d  t h a t  i f  s c o r e s  and 
d e s c r i p t i v e  t er ms a r e  used s i m u l t a n e o u s l y  p a r t i c i p a n t s  may r a t e  
p r i m a r i l y  by s c o r e s  t h u s  u s i n g  a l i n e a r  s c a l e .  T h i s  p a r t i c u l a r  
s c a l e  r e s e mb l e s  t he  s t r u c t u r e d  h e d o n i c  r a t i n g  s c a l e s  used i n t he 
a sse ssme nt  of  meats more c l o s e l y  t h an  t h e  Shewan s c a l e  f o r  f i s h .
In m e a t s ,  t he  aim is t o  s t u d y  t h e  e f f e c t s  of  p r o d u c t i o n  v a r i a b l e s  
and n o t  t o  s t u d y  d e t e r i o r a t i o n .
M i s o c k  e t  a l  ( 1 9 7 2 ) ,  i n  s t u d y i n g  t he  f l a v o u r  o f  w e t h e r s  and rams 
s l a u g h t e r e d  a t  183,  237 and 295 days used a s i m p l e  t y p e  o f  h e d o n i c  
s c a l e  t o  measur e  f l a v o u r  and aroma.  T h i s  n i n e  p o i n t  s c a l e  ran f rom 
one r e p r e s e n t i n g  no f l a v o u r  or  aroma t o  n i n e  f o r  c h a r a c t e r i s t i c s  
d e s c r i b e d  as v e r y  s t r o n g .  T h e  s c a l e  d e v i s e d  by H a r r i e s  e t  al  ( 1 96 3 )  
s t u d i e d  meat  f l a v o u r ,  j u i c i n e s s ,  t e n d e r n e s s ,  ' d e g r e e  o f  d o n e n e s s '  and 
o f f  f l a v o u r s .  I n t e n s i t y  o f  f l a v o u r  was s c o r e d  f r om z e r o  t o  f i v e  w i t h  
z e r o /
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z e r o  b e i n g  t a s t e  l e s s / i n s i p i d  and f i v e  s t r o n g .  J u i c i n e s s  was r a t e d  
f r om v e r y  j u i c y  t o  v e r y  d r y  on a t en  p o i n t  s c a l e .  T e n d e r n e s s  was 
r a t e d  in t h e  same way.  ' D e g r e e  of  d o n e n e s s 1 was e s t i m a t e d  on an 
e l e v e n  p o i n t  s c a l e  f r om ' g r o s s l y  o v e r d o n e '  t h r o u g h  ' n e i t h e r  o v e r d o ne  
nor  u n d e r d o n e '  ( z e r o )  t o  ' g r o s s l y  o v e r d o n e ' .  ' O f f '  f l a v o u r s  wer e 
z e r o  when none was p r e s e n t  t h r o u g h  f i v e  p o i n t s  t o  ‘ v e r y  s t r o n g  ' o f f '  
f l a v o u r ' .  T a s t e r s  were r e q u i r e d  t o  s p e c i f y  t h e  n a t u r e  o f  ' o f f '  f l a v o u r
d e t e c t e d .  Rhodes ( 1 9 7 6 )  used an e i g h t  p o i n t  s c a l e  t o  a s s e s s  d a r k n e s s /
l i g h t n e s s ,  t e n d e r n e s s / t o u g h n e s s ,  j u i c i n e s s / d r y n e s s  and o v e r a l l  a c c e p t ­
a b l e / u n a c c e p t a b l e  c h a r a c t e r i s t i c s .  F l a v o u r  was a s s e s s e d  on an e i g h t  
p o i n t  l i k e / d i s l i k e  s c a l e .  B a t c h e r  e t  a l  ( 1 9 6 2 )  s c o r e d  t e n d e r n e s s ,  
j u i c i n e s s ,  n a t u r a l  lamb f l a v o u r  and o f f  f l a v o u r s  on t e n  p o i n t  s c a l e s .
V e r y  t e n d e r  t o  v e r y  t o u g h ,  v e r y  j u i c y  t o  v e r y  d r y ,  n a t u r a l  lamb f l a v o u r  
f rom none ( o n e )  t o  p r onou nc e d  ( t e n )  wer e  t h e  d e s c r i p t o r s  u s ed.  U n l i k e  
t he  s c a l e s  o f  H a r r i e s  and Rhodes d e s c r i b e d  a b o v e ,  o n l y  p o s i t i v e  i n t e g e r s  
were u s e d .  H e a d l e y  and J a c o b s o n  ( I 9 6 0 )  used an e i g h t  p o i n t  s c a l e  f o r  
t e n d e r n e s s ,  j u i c i n e s s  and f l a v o u r  wher e z e r o  was v e r y  p o o r  f l a v o u r  and 
seven v e r y  good.  In two consumer  t r i a l s ,  N i c o l  and J a g u s c h  ( 1971)  
used a n i n e  p o i n t  s c a l e  wher e n i n e  i n d i c a t e d  a h i g h  d e g r e e  o f  a c c e p t a b l e  
f l a v o u r ,  t e n d e r n e s s  and j u i c i n e s s .  Woodhams e t  a l  ( 1 96 5 )  used a n i n e  
p o i n t  s c a l e  s i m i l a r  t o  t h a t  o f  Rhodes but  o n l y  p o s i t i v e  i n t e g e r s  wer e 
u s e d .
Par k  e t  a l  ( 1 97 2 b )  asked t a s t e r s  t o  i d e n t i f y  sampl es f r om c r o p  fed
lambs i n  a d u o - t r i o  t e s t  c o mp a r i n g  p a s t u r e  g r a z e d  lambs w i t h  t h o s e  fed
w i n t e r  f o r a g e  c r o p s .  T h e y  were then asked t o  a s s e s s  t h e  i n t e n s i t y  o f
as
aroma and f l a v o u r  o f  b o t h . n o r m a l  or  ' m e a t '  and abnor mal  o r  ' f o r e i g n '
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f l a v o u r  on a n i n e  p o i n t  s c a l e ,  ( z e r o  f o r  ' n o n e ' ,  e i g h t  f o r  ' v e r y  s t r o n g ' ) .
In a d d i t i o n , a c c e p t a b i 1i t y  of  t h e  f l a v o u r  of  t he  two sampl es was a s s e s s ed  on 
a n i n e  p o i n t  s c a l e  wher e  z e r o  was ' n a u s e a t i n g '  and e i g h t  ' v e r y  g o o d ' .
T h e s e /
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T h e s e  w o r k e r s  p o i n t  o u t  t h a t  c o r r e c t  r e s p o n s e s  a r e  l a r g e l y  a f u n c t i o n  
of  t he  d i f f e r e n c e  between p a s t u r e  and c r o p - f e d  meat s w h i l s t  " a n s w e r s  
t o  t h e  q u e s t i o n s  w h i c h  f o l l o w e d  were u s e f u l  in d e t e r m i n i n g  t h e  s i z e  of  
d i f f e r e n c e s  and p r e f e r e n c e s  i f  a n y . "  A d d i t i o n a l  comments t o  i d e n t i f y  
t h e  n a t u r e  o f  any t a i n t s  o r  ' o f f *  aroma or  f l a v o u r  wer e r e c o r d e d  on 
s p e c i a l  s c o r e  s h e e t s  w h i c h  i n c l u d e d  a l i s t  of  a d j e c t i v e s  d e r i v e d  f rom 
Har p e r  e t  a l  ( I 9 6 8 a ) a n d  H a r p e r  e t  al  ( 1 9 6 8 b ) .  D e s c r i p t i o n s  wer e  in 
f i v e  c a t e g o r i e s  ( F o r d  and P a r k  1980)  and d i f f e r e d  f o r  aroma and f l a v o u r .
As w e l l  as r a n c i d i t y  c h a r a c t e r i s t i c s ,  ' f o r e i g n '  or  ' o t h e r '  aromas and 
f l a v o u r s  c o u l d  p e r h a p s  be d e s c r i b e d  as t a i n t s  a r i s i n g  as a r e s u l t  of  
d i e t ,  or  p o s t s l a u g h t e r  a b s o r p t i o n  of  c o n t a m i n a n t s  f r om t h e  s u r r o u n d i n g  
e n v i r o n m e n t ,  s a n i t i s e r s  and p a c k a g i n g  m a t e r i a l s .  T h e  f i n a l  d e s c r i p t i o n s  
f o r  aroma and f l a v o u r  i n c l u d e  such a t t r i b u t e s  as ' m u s t y ' ,  ' f a e c a l ' ,
' p u t r  i d ' and ' s i c k l y ' .
S t a t i s t i c a l  a n a l y s e s  wer e  made in the' duo~tr i o t e s t s  ty the use of a p p r o p ­
r i a t e  t a b l e s .  The p r o p o r t i o n  o f  c o r r e c t  d e c i s i o n s  was used t o  d e t e r m i n e  
the e f f e c t s  of  p r e s l a u g h t e r  t r e a t m e n t s .  A n a l y s i s  o f  v a r i a n c e  was
c a r r i e d  ou t  on a n g u l a r  t r a n s f o r m a t i o n s  of  t he  r a t i o  of  c o r r e c t  t o  t o t a l  
r e s p o n s e s  in each t e s t .  T h e  s i g n i f i c a n c e  of  t h e  d i f f e r e n c e s  in f l a v o u r  
p r o p e r t i e s  and t r e a t m e n t  e f f e c t s  was d e t e r m i n e d  by t he a p p l i c a t i o n  of  
t h e  t  t e s t .  S i mp l e  c o r r e l a t i o n  c o e f f i c i e n t s  u s i n g  mean t a s t e  panel  
s c o r e s  wer e c a l c u l a t e d .
Par k  e t  al  ( 1 97 2 a)  wer e a d v i s e d  on e x p e r i m e n t a l  d e s i g n  by Dr  A 
Howard of  CSI RO Meat  R e s e a r c h  L a b o r a t o r y  and on some of  t h e  s t a t i s t i c a l  
t r e a t m e n t s  by Dr  R B a x t e r  o f  CSIRO D i v i s i o n  of  M a t h e m a t i c a l  S t a t i s t i c s ,  
B r i s b a n e .  T h e i r  e x p e r i m e n t s  a r e  q u i t e  d i f f e r e n t  t o  o t h e r s  w h i c h  have 
been r e v i e w e d  in t he  p r e s e n t  s t u d y .  T he  D u o - T r i o  is a w e l l  documented 
and r e c o g n i s e d  d i f f e r e n c e  t e s t  w h i c h  i s  c o n s i d e r e d  h i g h l y  s u i t a b l e  f o r  
i d e n t  i f y  i ng/
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i d e n t i f y i n g  d i f f e r e n c e s  between s a mp l e s .  P o s s i b l e  d i s t r a c t i n g  e f f e c t s  
o f  r e q u i r i n g  a d d i t i o n a l  a s s e s s me nt s  d u r i n g  d i f f e r e n c e  t e s t i n g  a r e  not ed 
in C h a p t e r  3-  F or d  and Par k  ( 1 98 0 )  i n d i c a t e  t h a t  in many e x p e r i m e n t a l  
s t u d i e s  o n l y  h e d o n i c  s c o r i n g  syst ems a r e  used t o  measur e t he  p a l a t a b i l i t y  
of  me a t s .  T h e y  c o n s i d e r  t h a t  such r e s u l t s  i n d i c a t e  o n l y  t h e  p e r s o n a l  
p r e f e r e n c e s  o f  a p a r t i c u l a r  g r o u p  of  p e o p l e  and may n o t  be m e a n i n g f u l  
u n l e s s  a l a r g e  pan e l  has been u sed.  S i n c e  most  o b j e c t i o n s  t o  
A u s t r a l i a n  and New Z e a l a n d  sheep meat  f l a v o u r  come f rom N o r t h  A me r i c a  
and J a p a n ,  t h e y  c o n s i d e r e d  t h a t  i t  woul d  have been d e s i r a b l e  t o  use 
consumer s  f r om t h e s e  c o u n t r i e s  as t a s t e r s .  T h i s  was n ot  however  
p r a c t i c a b l e .  T h e i r  p a n e l s  wer e  e x p e r i e n c e d  t a s t e r s  t r a i n e d  t o  
d e t e c t  s u b t l e  d i f f e r e n c e s  in f l a v o u r  who wer e more l i k e l y  t o  be s e n s i t i v e  
t o  aromas and f l a v o u r s  w h i c h  t he  o v e r s e a s  consumer  m i g h t  f i n d  o b j e c t i o n ­
a b l e  a l t h o u g h  t he  t a s t e r s  t h e m s e l v e s  d i d  n o t .  T h e  i n t e n s i t y  o f  aroma
and f l a v o u r  a s s e s s me n t s  were i n t e n d e d  t o  be as o b j e c t i v e  as p o s s i b l e  
t h u s
a n d / s h o u l d  bear  no r e l a t i o n  t o  p a n e l l i s t ' s  p e r s o n a l  p r e f e r e n c e s .
I n c r e a s i n g  f l a v o u r  a c c e p t a b i l i t y  was,  as i n d i c a t e d ,  made on a n i n e  
p o i n t  s c a l e  u s i n g  d e s c r i p t o r s  f rom ' n a u s e a t i n g '  t o  ' v e r y  g o o d '  and a 
s c o r e  c a r d  was used t o  i d e n t i f y  t h e  n a t u r e  of  " o f f "  aroma o r  f l a v o u r  
or  t a i n t .
W h i l s t  f u l l y  a p p r e c i a t i n g  t h e  f r u s t r a t i o n s  and l i m i t a t i o n s  of  the 
use of  h e d o n i c  r a t i n g  s c a l e s ,  t h e  a u t h o r  i s somewhat d o u b t f u l  a b out  t h e  
use of  some o f  t h e  t e r ms  used as d e s c r i p t o r s  even w i t h  e x p e r i e n c e d  
t a s t e r s .  T h a t  t he  p o s s i b i l i t y  of  a sample b e i n g  p r e s e n t e d  w h i c h  c o u l d  
be d e s c r i b e d  as n a u s e a t i n g ,  p u t r i d  or  f a e c a l  u n l e s s  t a s t e r s  had p r e v i o u s l y  
been war ned t h a t  meat  t a i n t  was u nd e r  i n v e s t i g a t i o n  seems l i k e l y  t o  
i n t r o d u c e  an e l e m e n t  of  b i a s  i n t o  j u d g e m e n t s .  T h e  p r o b a b i l i t y  of  
i n t r o d u c i n g  T y p e  I I  e r r o r s  seems a l s o  l i k e l y  t o  be i n c r e a s e d .
A t /
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A t  t he  t i m e  of  t h e  p r e s e n t  s t u d y ,  t h e  a u t h o r  was a l i t t l e  uneasy  
a b o u t  some a s p e c t s  of  t he  p r o c e d u r e s i n d i c a t e d  by Par k  e t  al  ( 1972a)  
p a r t i c u l a r l y  t h o s e  c o n c e r n e d  w i t h  f l a v o u r  a c c e p t a b i l i t y  and f o r e i g n  
aroma and f l a v o u r  d i s c u s s e d  e a r l i e r  i n t h i s  s e c t i o n .  I t  was not  
u n t i l  f u r t h e r  d e t a i l s  o f  t h e i r  e x p e r i m e n t s  wer e p u b l i s h e d  ( F o r d  and 
Pa r k  1980)  t h a t  r e s e r v a t i o n s  a b o u t  f i n d i n g s  t h a t  f l a v o u r  d e f e c t s  in lamb 
may a r i s e  as a r e s u l t  o f  d i f f e r e n c e s  in f e e d i n g  r egi me became g r e a t e r .
P r o c e d u r e s  wer e m o d i f i e d  s l i g h t l y  in s t u d i e s  on t h e  e f f e c t s  o f  a 
p r o t e c t e d  l i p i d  s u p p l e me n t  ( P a r k  e t  a l  1 9 7 5 ) .  On t h i s  o c c a s i o n  
f l a v o u r  a c c e p t a b i l i t y  was r a t e d  on a h e d o n i c  s c a l e  wher e  z e r o  was v e r y  
p oor  and e i g h t  was v e r y  g ood.  T a s t e  p a n e l  members wer e  a l s o  p r o v i d e d  
w i t h  a l i s t  of  d e s c r i p t o r s  o f  od ou r  and f l a v o u r  q u a l i t i e s  t o  a s s i s t  in 
i d e n t i f y i n g  t h e  n a t u r e  o f  any d i f f e r e n t  aroma o r  f l a v o u r .  No d e t a i l s  
o f  t he  d e s c r i p t o r s  was g i v e n  but  d e s c r i p t i o n s  o f  aroma and f l a v o u r  g i v e n  
by p a n e l  members d i d  not  i n c l u d e  such e m o t i v e  t e r ms  as n a u s e a t i n g ,  p u t r i d ,  
or  f a e c a l .  No a c k nowl e dg e me n t  i s  g i v e n  in t h i s  r e p o r t  of  any a s s i s t a n c e  
w i t h  e x p e r i m e n t a l  d e s i g n .  A n a l y s e s  o f  v a r i a n c e  in s c o r e s  between 
t r e a t m e n t s  wer e made and wher e s i g n i f i c a n t  d i f f e r e n c e s  wer e e s t a b l i s h e d  
D u n c a n ' s  m u l t i p l e  r ang e t e s t s  were used t o  i d e n t i f y  t h e i r  s o u r c e .
4.  V a r i a t i o n s  in A n a l y s i n g  R e s u l t s
H a r p e r  ( 1 9 7 7 ) ,  t r a c i n g  t h e  h i s t o r y  o f  t he  s e n s o r y  a p p r a i s a l  of  f o o d s ,  
i n d i c a t e d  t h a t  i t s  p r e s e n t  d e v e l o p m e n t  i s a p o s t - 1 9 4 5  phenomenon w h i c h  
s l owed down a f t e r  1952 e x c e p t  in a f ew r e s e a r c h  i n s t i t u t e s  and u n i v e r s i t y  
d e p a r t m e n t s .  C u r r e n t  i n t e r e s t  a p p e a r s  t o  be f o c u s s e d  on t h e  use o f  
e x i s t i n g  t e s t s  w i t h  a p p r o p r i a t e  v a r i a t i o n s  f o r  d i f f e r e n t  p r o d u c t s ,  
c o mp a r i n g  t he  e f f i c i e n c y  of  e x i s t i n g  t e s t s  and more r e c e n t l y  on s t a t i s t i c a l  
a n a l y s i s  o f  e x p e r i m e n t a l  d a t a .  At  s ymposi a  t he  f i r s t  a s p e c t  n o r m a l l y  
r e ce  i v e s /
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r e c e i v e s  t h e  g r e a t e s t  e m p h a s i s .  Some c o m p a r i s o n s  o f  t h e  e f f i c i e n c y  
o f  d i f f e r e n t  t e s t  p r o c e d u r e s  a r e  q u o t e d  in C h a p t e r  3 and,  as i n d i c a t e d ,  
c o m p a r i s o n s  o f  t r i a n g l e  and d u o - t r i o  t e s t s  a r e  b e i n g  made a t  p r e s e n t  
in t h e  a u t h o r ' s  l a b o r a t o r y .
Von Sydow and Ak e s s on  ( 1 97 7 )  make a c o mp a r i s o n  o f  p a r a m e t r i c  and 
n o n p a r a m e t r i c  a p p r o a c h e s  t o  s e n s o r y  d a t a .  T h e y  i n d i c a t e  t h a t  p a r a ­
m e t r i c  a n a l y s i s  i s  based on t h e  f o l l o w i n g  a s s u m p t i o n s :
( a )  s e n s o r y  a t t r i b u t e s  t o  be e v a l u a t e d  a r e  p e r c e i v e d  as a 
c o n t i n u u m  w i t h  r e s p e c t  t o  m a g n i t u d e s  o f  i n t e n s i t y
( b)  s u b j e c t s  a r e  a b l e  t o  e s t i m a t e  w i t h  c o n s i s t e n c y  t h e  p e r c e i v e d  
m a g n i t u d e s  o f  i n t e n s i t y  i n n u m e r i c a l  o r  e q u i v a l e n t  s c a l e  c a t e g o r i e s
( c )  t h e  d i s t r i b u t i o n  of  r e s p o n s e s  f o l l o w s  some p a r a m e t r i c  
d i s t r i b u t i o n  such as nor mal  or  l o g - n o r m a l  d i s t r i b u t i o n .
A s s u m p t i o n s  ( a )  and ( b )  i m p l y  t h a t  d a t a  i s i n t e r v a l  s c a l e d .
T h e  n o n p a r a m e t r i c  a p p r o a c h  i n v o l v e s  l e s s  s t r i n g e n t  a s s u m p t i o n s :
( d )  t h e  s e n s o r y  a t t r i b u t e s  may or  may not  be p e r c e i v e d  as 
a s e n s o r y  c o n t i n u u m
( e)  s u b j e c t s  can o n l y  r a nk  or  c l a s s i f y  s t i m u l i  i n t o  a s e t  
o f  d i s c r e t e  c a t e g o r i e s
( f )  p a r a m e t r i c  s p e c i f i c a t i o n s  of  t h e  u n d e r l y i n g  d i s t r i b u t i o n  
of  r e s p o n s e s  a r e  n ot  made.
T h i s  n o n p a r a m e t r i c  a p p r o a c h  i m p l i e s  t h a t  s e n s o r y  d a t a  a r e  o r d i n a l  or  
nomi nal  i n n a t u r e .  D e s p i t e  r e s u l t i n g  d i f f i c u l t i e s  in some q u a n t i t a t i v e  
a n a l y s e s ,  t h e s e  a u t h o r s  b e l i e v e  t h a t  t h e  n o n p a r a m e t r i c  a p p r o a c h  i s  
j u s t  i f  i ed.
W i l l i a m s  ( 1 9 7 8 )  d i s c u s s e s  t h e  p r o bl e ms  o f  h a n d l i n g  d a t a  d e r i v e d  f rom 
h e d o n i c  r a t i n g  s c a l e s .  A r i t h m e t i c  means may be j u s t i f i e d  when d e a l i n g  
w i t h  o b j e c t i v e  d a t a ,  but  t h e i r  use i s  q u e s t i o n a b l e  f o r  s u b j e c t i v e  d a t a  
such/
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such as h e d o n i c  s c a l e s .  I t  i s  p o s s i b l e  t h a t  a mean s c o r e  r e f l e c t s  
t he o p i n i o n  o f  no a s s e s s o r  or  g r o u p  o f  a s s e s s o r s .  R e s u l t s  a r e
u n l i k e l y  t o  be as c l e a r  c u t  as t he  mean s u g g e s t s .  T h i s  a u t h o r
s u g g e s t s  c a u t i o n  when d r a w i n g  c o n c l u s i o n s  f r om pane l  means.
As e a r l y  as 1956,  S i e g e l  c o n s i d e r e d  t h a t  t h e  a t t i t u d i n a l  s c a l e s  
used by t he  b e h a v i o u r a l  s c i e n t i s t  wer e at  b e s t  o r d i n a l .  Many 
e x p e r i m e n t e r s  who a s s e s s  f oods  use such l i k e / d i s l i k e  a t t i t u d i n a l  
s c a l e s  w h i c h  a r e  e s s e n t i a l l y  s i m i l a r  t o  t h o s e  used i n p s y c h o m e t r i c  
s t u d i e s .  H a r r i e s  ( 1 96 3 )  a d m i t t e d  t h a t  i t  was not  known by how much 
s t e p s  between s u c c e s s i v e s  may v a r y .  Rhodes ( 1 97 9 )  r e c o g n i s e d  t he  
l i m i t a t i o n s  o f  a t t i t u d i n a l  s c a l e s .
A t  a m e e t i n g  o f  t h e  Royal  S t a t i s t i c a l  S o c i e t y  ( E d i n b u r g h ,  Mar ch 
1982)  Smi t h  r ead a p a p e r  u nd e r  t h e  t i t l e  ' S t a t i s t i c a l  Methods and 
P r o b l e ms  in Food T a s t i n g ' .  He i n d i c a t e d  t h a t  l i n e a r i t y  and normal  
d i s t r i b u t i o n  c a n n o t  be assumed and t h a t  t h e  use o f  n o n p a r a m e t r i c a  1 
s t a t i s t i c s  f o r  a n a l y s i n g  d a t a  f r om h e d o n i c  r a t i n g  s c a l e s  was p r e f e r a b l e .
In s u b s e q u e n t  c o r r e s p o n d e n c e  he c o n f i r m e d  h i s  c o n c e r n  o v e r  t he f r e e  use 
of  s t a t i s t i c a l  t e s t s  based on t he nor mal  d i s t r i b u t i o n  w i t h o u t  che cks  
on t h e i r  v a l i d i t y  and h i g h l i g h t e d  t h e  w a r n i n g  w h i c h  a p p e a r s  in BS 5929 
P a r t  I ( 1 9 8 0 ) .  H i s  p r e s e n t  r e commendat i on  i s t h a t  n o r m a l i t y  s h o u l d  
be checked by e x a m i n a t i o n  o f  h i s t o g r a m s .  A l t h o u g h  t h e  s c a l e  is n o t  an 
e q u a l  i n t e r v a l  s c a l e ,  w i t h  a l a r g e  p a n e l ,  d i s t r i b u t i o n  may a p p r o a c h  
n o r m a l i t y  and t h e  e r r o r  o f  u s i n g  p a r a m e t r i c  s t a t i s t i c s  may be s m a l l .
He c o n s i d e r s  i t  u n w i s e  however  t o  q u o t e  s i g n i f i c a n c e  l e v e l s .
P i g g o t t  and Land ( 1981)  a ckn owl e d g e d  some o f  t h e  d i f f i c u l t i e s  in 
u s i n g  p a r a m e t r i c  s t a t i s t i c s .  Howgate ( 1 9 8 1 ) ,  d e s c r i b i n g  t he  use of  
n i n e  p o i n t  a t t i t u d i n a l  s c a l e s  wher e  one c o r r e s p o n d s  t o  d i s l i k e  e x t r e m e l y  
and n i n e  t o  l i k e  e x t r e m e l y  f o r  t he  a sse ssme nt  o f  f i s h  p r o d u c t s ,  d i d  not  
f  i nd/
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f i n d  t h a t  r e s p o n s e s  wer e  n o r m a l l y  d i s t r i b u t e d .  I f  medi an v a l u e s  were
f i v e ,  d i s t r i b u t i o n  was s y m m e t r i c a l  b u t  f l a t t e n e d .  D i s t r i b u t i o n - f r e e
s t a t i s t i c a l  p r o c e d u r e s  such as t he  K o I m o g o r o v - S m i r n o v  t e s t  or  t he
W i l c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k s  t e s t  wer e used t o  d e t e r m i n e  t he
s i g n i f i c a n c e  o f  d i f f e r e n c e s  between p r o d u c t s .  Because o f  v a r y i n g
shapes among d i s t r i b u t i o n s  -  a l t h o u g h  t h e  medi an i s  t o  be p r e f e r r e d
as t he measur e of  c e n t r a l  t e n d e n c y  -  a b e t t e r  i n d e x  c o u l d  be t he
f r a c t i o n  o f  s c o r e s  e x p r e s s i n g  t h e  d e g r e e  o f  l i k i n g .  T h i s  a p p r o a c h
t o  a n a l y s i s  o f  d a t a  c l o s e l y  r e s e mb l e s  t h a t  o f  t h e  p r e s e n t  s t u d y .
i m p o r t a n c e  o f  the
Howgate c o n c l u d e s  by h i g h l i g h t i n g  t h e / d i s t r i b u t i o n  o f  s c o r e s  r a t h e r  
t han r e l y i n g  on summary s t a t i s t i c s  such as me d i a n s .  T h i s  p r a c t i c e  
p r o v i d e s  more i n f o r m a t i o n .
Howgate a l s o  o b s e r v e s  f r om a s u r v e y  o f  p a p e r s  r e l a t i n g  t o  food 
s c i e n c e  and t e c h n o l o g y ,  u s e r s  o f  h e d o n i c  r a t i n g  sea 1es> a I m o s t  w i t h o u t  
e x c e p t i o n ^ a s s u m e  an e q u a l  i n t e r v a l  s c a l e  and p r o c e s s  t h e  d a t a  u s i n g  
p a r a m e t r i c  t e c h n i q u e s  w h i c h  r e q u i r e  t h e  a s s u m p t i o n  t h a t  d a t a  have 
a d d i t i v e  p r o p e r t i e s  and t h a t  e r r o r s  be n o r m a l l y  d i s t r i b u t e d .  The  
w r i t e r  c o n f i r m s  h i s  v i e w  as a r e s u l t  o f  l i t e r a t u r e  s u r v e y s  in r e l a t i o n  
t o  t he  p r e s e n t  s t u d y .
B l a k e s l e y  ( 1 97 7 )  d e s c r i b e s  a F o r t r a n  c omput er  p r o g r a m t o  p e r f o r m  
an a n a l y s i s  based on n o n p a r a m e t r i c  F r i e dma n  t y p e  r ank s t a t i s t i c s  f o r  
a t wo - wa y  c l a s s i f i c a t i o n .  I f  an o v e r a l l  d i f f e r e n c e  is e s t a b l i s h e d  
f o r  m u l t i p l e  s a m p l e s ,  a s e r i e s  o f  t e s t s  on sampl e p a i r s  i s  c a r r i e d  
out  t o  d e t e r m i n e  w h i c h  sampl es a r e  s t a t i s t i c a l l y  d i f f e r e n t .  T h e  a u t h o r  
comments t h a t  a commonly empl oyed s t a t i s t i c a l  method o f  a n a l y s i n g  s e n s o r y  
panel  r e s u l t s  f o r  d i f f e r e n c e  i s  a F i s h e r  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  
o r  F t e s t  f o l l o w e d  by t he  Duncan M u l t i p l e  Range t e s t .  He does not  
c o n s i d e r  t h i s  t e c h n i q u e  t o  be e n t i r e l y  a d e q u a t e  s i n c e  i t  i s u n u s u al  
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f o r  t h e  same p a n e l l i s t  t o  e v a l u a t e  each sampl e t h u s  v i o l a t i n g  t he  
i nd e p e n d e n c e  a s s u m p t i o n  f o r  a o n e - w a y  a n a l y s i s  of  v a r i a n c e .  Responses 
a r e  u s u a l l y  on an o r d i n a l  s c a l e .  Even i f  i t  can be shown t h a t  t h e y  
a r e  n o r m a l l y  d i s t r i b u t e d  he c l a i m s  t h a t  the u s u a l  F - t e s t  i s  known not  
t o  have t he  F - d i s t r i b u t i o n . He recommends t h e  use of  t he  F r i e d ma n  
r a n k  s t a t i s t i c  w h i c h  e l i m i n a t e s  t he p r o b l e m o f  nor mal  d i s t r i b u t i o n .
T h e  F r i e d ma n  s t a t i s t i c  a l s o  a l l o w s  a s s o c i a t i o n  due t o  i n d i v i d u a l  
p r e f e r e n c e s  between sampl es  j u d g e d  by an i n d i v i d u a l  p a n e l l i s t .
As has been i n d i c a t e d ,  t h e  Syst ems A n a l y s t  and S t a t i s t i c i a n s  in 
t he  Da t a  P r o c e s s i n g  C e n t r e  at  QMC have a l wa y s  been c o n c e r n e d  t h a t  
j u d g e m e n t s  by an i n d i v i d u a l  w h e t h e r  on t he  b a s i s  o f  h e d o n i c  s c a l e s ,  
p r e f e r e n c e  or  d i f f e r e n c e  between sampl es s h o u l d  be c o n s i d e r e d  o t h e r  
t han h i g h l y  s u b j e c t i v e .  T h e y  a r e  not  c o n v i n c e d  t h a t  t a s t e r s ,  
p a r t i c u l a r l y  t he  l e s s  e x p e r i e n c e d ,  can be c o n s i d e r e d  t o  be o b j e c t i v e  
in t h e i r  j u d g e m e n t s .  In maki ng r e comme ndat i ons  on e x p e r i m e n t a l  
d e s i g n  and on t he  a n a l y s i s  of  d a t a  t h e y  have a l w a y s  b e l i e v e d  t h a t  the 
f ood s c i e n t i s t  s h o u l d  use t he  t e c h n i q u e s  of  t he  b e h a v i o u r a l  s c i e n t i s t  
in t h a t  t h e  same o r  e q u i v a l e n t  t e s t s  a r e  used by bot h  g r o u p s .  T h r o u g h ­
o u t  t h e s e  s t u d i e s  t h e y  u r g e d  a c o n s e r v a t i v e  a p p r o a c h .  Most  o f  the 
n o n - p a r a m e t r i c  t e s t s  w h i c h  wer e used a r e  o n l y  s l i g h t l y  l e s s  p o w e r f u l  
t han e q u i v a l e n t  p a r a m e t r i c  t e c h n i q u e s  and a r e  not  open t o  a s s u m p t i o n s  
r e g a r d i n g  n o r m a l i t y  of  d i s t r i b u t i o n  and i nde p en de n c e  o f  o b s e r v a t i o n s .
At  a p r a c t i c a l  l e v e l ,  o b s e r v a t i o n s  c a nnot  be c o n s i d e r e d  t o  be 
i n d e p e n d e n t  when s e v e r a l  sampl es  a r e  a sse ssed  t o g e t h e r  by t h e  use of  
h e d o n i c  r a t i n g  s c a l e s ,  in t r i a n g l e  t e s t s  and i n p a i r e d  c o m p a r i s o n s .
T he W i l c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k s  t e s t  was recommended in the 
c o mp a r i s o n  of  c o r r e c t  i d e n t i f i c a t i o n  of  t he  odd sampl e in t r i a n g l e  
t e s t s  on raw and cooked meats r a t h e r  t han t he p a r a m e t r i c  t t e s t .  I t  
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may be t h a t  as a r e s u l t  T y p e  1 e r r o r s  may have o c c u r r e d  wher e r e s u l t s  
wer e  m a r g i n a l .  T h r o u g h o u t ,  t h e y  u r g e d  t h i s  c a u t i o u s  a p p r o a c h  t o  
e x p e r i m e n t a l  programmes i n v o l v i n g  human r e s p o n s e s  and in d o i n g  so have 
a c q u i r e d  c o n s i d e r a b l e  b a ck g r ound k nowl edg e on s e n s o r y  a p p r a i s a l  
t e c h n  i q u e s .
I t  i s  a c c e p t e d  t h a t  t h o s e  who use n o n p a r a m e t r i c  t e c h n i q u e s  a r e  at  
p r e s e n t  in a m i n o r i t y .  Many e x p e r i m e n t e r s  a d mi t  t h a t  t h e y  a r e  more 
a p p r o p r i a t e  f o r  a n a l y s i n g  s e n s o r y  a p p r a i s a l  d a t a ,  p a r t i c u l a r l y  h e d o n i c  
r a t i n g  s c a l e s , b u t  do not use them.  However  d i s c u s s i o n s  have been 
i n i t i a t e d  and s t a t i s t i c i a n s  a r e  i n c r e a s i n g l y  w i l l i n g  t o  c o - o p e r a t e  
w i t h  f ood s c i e n t i s t s .  So i t  may be t h a t  in t he  f u t u r e  e x i s t i n g  
c omp u t e r  p r og r a ms  f o r  p a r a m e t r i c  s t a t i s t i c s  w i l l  be r e p l a c e d  by t hose  
w h i c h  wer e used as t he  b a s i s  f o r  t he p r e s e n t  s t u d y .
The a u t h o r  a c k n o wl e d g e s  t he  d i s c u s s i o n s ,  a d v i c e  and c o - o p e r a t i o n  
o f  the QMC s t a f f  w h i c h  has been r e c e i v e d  d u r i n g  t he  p r e s e n t  s t u d y .
T h e i r  a s s i s t a n c e  c o u l d  not  have been e x p e c t e d  had t h e i r  r e comme ndat i ons  
been d i s r e g a r d e d .  A n a l y s i s  of  d a t a  woul d  o t h e r w i s e  l a r g e l y  have been 
r e s t r i c t e d  t o  t h e  use of  s t a t i s t i c a l  t a b l e s  r a t h e r  t h an  t o  t h e  more 
wi d e  r a n g i n g  s t u d i e s  c a r r i e d  o u t .  I t  s h o u l d  a l s o  be not ed t h a t  
d i s c u s s i o n s  t ook  p l a c e  b e f o r e  t he  s t a r t  o f  the t r i a l s  and on t h e i r  
c o m p l e t i o n  w i t h  t he  ARC s t a t i s t i c i a n  M M F r a n k l i n .
P e r ha p s  i t  may be t h a t  t h o s e  who have been u s i n g  p a r a m e t r i c
s t a t i s t i c a l  t e c h n i q u e s  in t h e  a n a l y s i s  o f  d a t a  f o r  so many y e a r s  w i l l
e v e n t u a l l y  come t o  r e v i e w  t h e i r  long e s t a b l i s h e d  p r o c e d u r e s .  A f t e r
s e l e c t i n g  t h e  s e n s o r y  a p p r a i s a l  t e c h n i q u e s  t o  be used i n t he p r e s e n t
s t u d y ,  as d e s c r i b e d  in C h a p t e r  3 ,  methods used t o  a n a l y s e  t he  d a t a
seem e n t i r e l y  a p p r o p r i a t e  in t he C o l l e g e  s i t u a t i o n  p a r t i c u l a r l y  as no 
s t a t i s t i c a l  a s s u m p t i o n s  a r e  v i o l a t e d .  In any case i f  p r e v i o u s  
m e t h o d o l o g i e s  a r e  u n c r i t i c a l l y  f o l l o w e d /
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f o l l o w e d  p r o g r e s s  in r e s e a r c h  may be s l o w  as any i n h e r e n t  d e f e c t s  
in e x p e r i m e n t a l  d e s i g n  w i l l  r emai n  u n d e t e c t e d .
5.  R e s u l t s  of  t h e  P r e s e n t  S t u d y  
( i ) H e d o n i c  R a t i n g  S c a l e s
F o l l o w i n g  t he  p r o c e d u r e s  i n d i c a t e d  in C h a p t e r  4,  h e d o n i c  r a t i n g  
s c a l e s  wer e  used t o  d e t e r m i n e  t he  o p t i m a l  i n t e r n a l  t e m p e r a t u r e  f o r  
r o a s t e d  g i g o t s  and l o i n s .  T h e s e  s c a l e s  a r e  w i d e l y  used in o t h e r  
l a b o r a t o r i e s  and a r e  c o n s i d e r e d  t o  have c o n s i d e r a b l e  a d v a n t a g e s  and 
a t t r a c t i o n s  p a r t i c u l a r l y  f o r  t he  l e s s  e x p e r i e n c e d .  Howe v e r ,  because 
most  of  t h e  sampl es  p r e s e n t e d  e i t h e r  hot  or  c o l d  wer e  so a t t r a c t i v e  
t o  p a r t i c i p a n t s ,  t h e y  f ound i t  e x t r e m e l y  d i f f i c u l t  t o  a s s e s s  t h e i r  
a t t i t u d e  t o  them.  No d o u b t  t h e y  wou l d  have been d i sma y ed t o  l e a r n  
how t h e i r  p e r f o r m a n c e  v a r i e d  in d u p l i c a t e d  t r i a l s  at  t h e  same s e s s i o n .
As a r e s u l t ,  no c l e a r  c u t  p r e f e r e n c e  emerged f r om t h e  t r i a l s  and 
e x t e n s i v e  s t u d y  o f  t he  d a t a  was r e q u i r e d  b e f o r e  d e c i d i n g  t h a t ,  on 
b a l a n c e ,  75°C was t h e  most  p r e f e r r e d  t e m p e r a t u r e  f o r  b ot h  g i g o t s  and 
l o i n s .  I t  was a l s o  c o n c l u d e d  t h a t  t h e r e  was no e v i d e n c e  t h a t  f l a v o u r  
d i f f e r e n c e s  e x i s t  between l e f t  and r i g h t  j o i n t s  f r om t h e  same c a r c a s s  
and t h a t  a c u i t y  was n o t  a f f e c t e d  w h e t h e r  j o i n t s  were t a s t e d  hot  o r  c o l d .
T he  more s t r u c t u r e d  h e d o n i c  r a t i n g  s c a l e s  used f o r  a sse ssme nt  of  
t e n d e r n e s s ,  j u i c i n e s s  and f l a v o u r  used by s e v e r a l  g r o u p s  o f  BSc s t u d e n t s  
of  A g r i c u l t u r e  a t  ESCA wer e  no more s u c c e s s f u l  in i d e n t i f y i n g  d i f f e r e n c e s  
in sampl es cooked t o  i n t e r n a l  t e m p e r a t u r e s  of  70°C and 80°C e x c e p t  in 
r e l a t i o n  t o  j u i c i n e s s .  T h e s e  s t u d e n t s  u s u a l l y  p e r f o r m  w e l l  in o t h e r  
s e n s o r y  a p p r a i s a l  t e s t s .
In v i e w  o f  t h e s e  f i n d i n g s  two p o s s i b i l i t i e s  s h o u l d  be c o n s i d e r e d .
In lamb as opposed t o  o t h e r  c a r c a s s  m e a t s ,  d i f f e r e n c e s  between sampl es 
cooked t o  d i f f e r e n t  i n t e r n a l  t e m p e r a t u r e s  may be so s l i g h t  as t o  make 
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i t  d i f f i c u l t  t o  i n d i c a t e  a d i f f e r e n t  a t t i t u d e  t o  each sampl e even 
i f  more s t r u c t u r e d  s c a l e s  a r e  u sed.  T h i s  p o s s i b i l i t y  r e q u i r e s  
f u r t h e r  and v e r y  c a r e f u l  i n v e s t i g a t i o n  p o s s i b l y  by t h e  use of  
d i f f e r e n c e  t e s t s .  A l t e r n a t i v e l y ,  i t  may be t h a t  h e d o n i c  r a t i n g  
s c a l e s  c a n n o t  be used t o  d e m o n s t r a t e  d i f f e r e n c e s  between sampl es 
u n l e s s  t h e y  a r e  v e r y  c o n s i d e r a b l e .  T h i s  was u n l i k e l y  in t he  
p r e s e n t  s t u d i e s .  E x t e n s i v e  e x p e r i e n c e  w i t h  o t h e r  f o o d s  a t  QMC 
s u g g e s t s  t h a t  d e m o n s t r a t i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
between sampl es  by t h e  use o f  h e d o n i c  r a t i n g  s c a l e s  is n ot  l i k e l y  
t o  be as s u c c e s s f u l  as when d i f f e r e n c e  t e s t s  a r e  used.
I t  woul d  be of  i n t e r e s t  t o  d e t e r m i n e  what  is i m p l i e d  by ' t r a i n i n g '  
in l a b o r a t o r i e s  wher e  meat s a r e  a s s e s s ed  u s i n g  h e d o n i c  r a t i n g  s c a l e s .  
Pe ar son e t  al  ( 1 97 3 )  d e m o n s t r a t e d  c o mp a r a b l e  r e s u l t s  f rom t r a i n e d  
and i n e x p e r i e n c e d  t a s t e r s .  Par k  e t  al  ( 1 97 5 )  d e mo n s t r a t e d  good 
a gr e e me n t  between mean h e d o n i c  r a t i n g s  of  t wo i n e x p e r i e n c e d  t a s t e  
p a n e l s  at  N o r t h  Ryde w i t h  the two Cannon H i l l  p a n e l s  ( e x p e r i e n c e d )  who 
wer e  more c r i t i c a l  t han t h e  f o r me r  and t h u s  a w a r d e d  l ower  s c o r e s .  
P r e f e r e n c e s  of  t h e  f o u r  p a n e l s  were in a g r e e me n t .  A d m i t t e d l y  t he  qu ot e d  
means g i v e  no i n d i c a t i o n  of  t h e  d i s t r i b u t i o n  of  r e s p o n s e s .  T h e  two 
i n e x p e r i e n c e d  p a n e l s  may have shown j u s t  as g r e a t  a v a r i a t i o n  in 
d u p l i c a t e d  t r i a l s  as in t h e  E d i n b u r g h  s t u d i e s .  T he  power  o f  h e d o n i c  
r a t i n g  s c a l e s  s h o u l d  a l s o  be d e t e r m i n e d  p a r t i c u l a r l y  in r e p l i c a t e d  
t e s t s  and i t  i s recommended t h a t  such s t u d i e s  s h o u l d  be u n d e r t a k e n  
as a m a t t e r  o f  u r g e n c y  in v i e w  o f  t he p r e s e n t  f i n d i n g s .
T h e r e  is however  no d o u b t  t h a t  t h e  c o n t i n u e d  use o f  t h i s  t e c h n i q u e  
c o u l d  n o t  have been j u s t i f i e d  f o r  t h e  mai n t r i a l s  w h i c h  were t o  f o l l o w  
in t h e  p r e s e n t  s t u d y .  I t  was c o n s i d e r e d  p r u d e n t  t o  d e v i s e  a more p r e c i s e  
e x p e r i m e n t a l  t e c h n i q u e  even i f  at  a l a t e r  s t a g e  f u r t h e r  e x p e r i m e n t s  
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o f  a d i f f e r e n t  t y p e  woul d  be r e q u i r e d .
( i i ) C omp a r i ng  t he  F l a v o u r  of  Gr a s s  and Rape Fed Lambs
In t h e  f i r s t  s e r i e s  o f  t r i a l s ,  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  in t he  aroma o r  f l a v o u r  o f  t h e  sampl es was d e m o n s t r a t e d  
by t h e  use of  t r i a n g l e  ( d i f f e r e n c e )  t e s t s .  No c o n s i s t e n t  p r e f e r e n c e  
f o r  sampl es  f rom e i t h e r  f e e d i n g  r e gi me  was d e m o n s t r a t e d .  F l a v o u r  
p r o f i l e s  i n d i c a t e d  t h a t  t h e r e  wer e no f l a v o u r  a t t r i b u t e s  common t o  
sampl es f r om a p a r t i c u l a r  f e e d i n g  r e g i me .  P o s s i b l e  r e as ons  f o r  
t h e  f a i l u r e  t o  c o n f i r m  t h e  f i n d i n g s  o f  Par k  e t  al  ( 1 97 2 b)  a r e  i n d i c a t e d  
i n c o n t e x t .
When t he  t r i a l s  wer e r e p e a t e d  on lambs bor n  in A p r i l / M a y  1 9 7 8 , t h e r e  was 
some i n d i c a t i o n  t h a t  t h e r e  c o u l d  have been s l i g h t  f l a v o u r  d i f f e r e n c e s  
between r o a s t e d  g i g o t  and l o i n  sampl es  and t h a t  t h e  f l a v o u r  o f  t he 
g r a s s  f ed lambs was p r e f e r r e d .  Aroma was n o t  a s s e s s e d  in t h e  second 
s e r i e s  of  t r i a l s .  In J a n u a r y  1982,  ESCA s t u d e n t s  a s s e s s e d  t he  aroma 
of  raw and cooked t i s s u e  o f  sampl es  used in t h e  second s e r i e s  of  
t r i a l s .  Because t h e y  had been s t o r e d  f r o z e n  s i n c e  December  1978,  i t  
was n ot  c o n s i d e r e d  a p p r o p r i a t e  t h a t  t h e  f l a v o u r  a s s e s s me nt s  s h o u l d  be 
made.  D e s p i t e  p r o l o n g e d  s t o r a g e ,  t h e  d e f r o s t e d  sampl es showed no 
s i g n  o f  r a n c i d i t y  but  c o l o u r  was n o t  as good as in p r e v i o u s  sampl es 
p r o b a b l y  as a r e s u l t  o f  m e t m y o g l o b i n  f o r m a t i o n .  On t h i s  o c c a s i o n ,  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in t he  aroma o r  raw and cooked 
t i s s u e  wer e d e m o n s t r a t e d  u s i n g  t r i a n g l e  t e s t s  ( p <0. 001 and p < 0 . 0 5  
r e s p e c t i v e l y ) .  When the o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  wer e 
compared t h e  same l e v e l s  o f  s i g n i f i c a n c e  were o b t a i n e d .  I t  t hus  
seemed p o s s i b l e  t h a t  d i f f e r e n c e s  e x i s t e d  between sampl es a l t h o u g h  
t he  K o l m o g o r o v - S m i r n o v  t e s t  d i d  n ot  i n d i c a t e  t h a t  d i s t r i b u t i o n  o f  
r e s p o n s e s  was o t h e r  than b i n o m i a l .  T h e  W i l c o x o n  M a t c h e d - P a i r s  
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S i g n e d - R a n k s  t e s t  i n d i c a t e d  t h a t  s u b j e c t s '  p e r f o r m a n c e  d i d  n o t  
d i f f e r  when a s s e s s me n t s  wer e  made on raw and cooked s a mp l e s .
In r e v i e w i n g  t h e s e  r e s u l t s ,  t he  p r o l o n g e d  p e r i o d  o f  f r o z e n  
s t o r a g e  must  be c o n s i d e r e d .  T i s s u e  f rom r ape f ed a n i m a l s  i s  
l i k e l y  t o  c o n t a i n  a p p r e c i a b l e  c o n c e n t r a t i o n s  o f  g 1u c o s o l i n a t e s .
In p o u l t r y  ( N u t e  -  p e r s o n a l  c o m m u n i c a t i o n )  f l a v o u r  d e f e c t s  in bot h 
eggs and mu s c l e  have been r e p o r t e d .  Steedman e t  a l  ( 1979a and 
1979b)  and Y u l e  and M c B r i d e  ( 1 97 9 )  i n d i c a t e  t h a t  r ape f ed  p o u l t r y  
had l e s s  a c c e p t a b l e  and somet i mes more f i s h y  f l a v o u r  t han c o n t r o l s .
Nut e  c o n s i d e r s  ( p e r s o n a l  c o m m u n i c a t i o n )  t h a t  m e t a b o l i s m  o f  g l u c o -  
s o l i n a t e s  may d i f f e r  in a v i a n  s p e c i e s  c a u s i n g  an a c c u m u l a t i o n  o f  
t r i m e t h y l a m i n e  and o t h e r  u n d e s i r a b l e  f l a v o u r  compounds.  T h u s  i t  may 
be t h a t  t h e  d i f f e r e n c e s  d e t e c t e d  by t h e  ESCA s t u d e n t s  wer e  a r e s u l t  
of  d e g r a d a t i o n  of  g 1u c o s o l i n a t e s  r a t h e r  than of  f e e d i n g  r egi me p e r  s e .
In r e p o r t i n g  on t he  f e e d i n g  of  r ape in 1974,  Whe e l e r  e t  a l  
r e c o r d  v a r i a t i o n  i n t h e  i n t e n s i t y  of  u n d e s i r a b l e  f l a v o u r  w h i c h  had 
been o b s e r v e d  in s t u d i e s  s u b s e q u e n t  t o  t h o s e  r e p o r t e d  in 1972.  In 
e x p e r i m e n t s  of  1969 and 1970 t he  r ape c u l t i v a r  used was R a n g i .
D u r i n g  one t r i a l  wh e r e  t he  g r a z i n g  p e r i o d  was o n l y  s i x  d a y s ,  r ape fed 
lambs wer e  much l e s s  a c c e p t a b l e  and had an i n t e n s e  and u n p l e a s a n t  
aroma and f l a v o u r .
T h i s  t r i a l  was s u b s e q u e n t l y  r e p e a t e d  u s i n g  t he  rape c u l t i v a r  
A p h i d  R e s i s t a n t .  T h e  f l a v o u r  o f  meat s l a u g h t e r e d  d i r e c t l y  o f f  t h i s  
r ape was m i l d ,  t o  an e x t e n t  t h a t  i t  was n o t  p o s s i b l e  t o  d e t e r m i n e  
i f  w i t h d r a w a l  of  t h e  sheep t o  g r a s s  f o r  seven o r  f o u r t e e n  days p r e ­
s l a u g h t e r  p r o d u c e d  lamb o f  more a c c e p t a b l e  f l a v o u r  ( C z o c h a n z a  e t  a l  
( 1 9 7 0 ) .
T h u s  t he  p o s s i b i l i t y  o f  c e r t a i n  r ape c u l t i v a r s  i n d u c i n g  s t r o n g e r  
f l a v o u r  t han o t h e r s  was i n v e s t i g a t e d  in a t h i r d  t r i a l .  T a s t e  p a n e l s  
f ound/
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f oun d  no s i g n i f i c a n t  d i f f e r e n c e  in i n t e n s i t y  of  f l a v o u r  or  in 
a c c e p t a b i l i t y  o f  meats g r a z e d  c v s .  R a n g i ,  A p h i d  R e s i s t a n t  o r  G i a n t  
Ka n g a r o o .  Rangi  d i d  not  t h e r e f o r e  p r o d u c e  t he  u n a c c e p t a b l e  aroma 
and f l a v o u r  r e p o r t e d  i n p r e v i o u s  t r i a l s .
Wh e e l e r  e t  a l  ( 1 97 4 )  t h e r e f o r e  c o n c l u d e d  t h a t  w h i l s t  g r a z i n g  
sheep on r ape can p r o d u c e  s t r o n g ,  c h a r a c t e r i s t i c  f l a v o u r  t h a t  t h i s  
e f f e c t  i s  n ot  c o n s i s t e n t .  C u l t i v a r  may have i n f l u e n c e d  l a t e r  
r e s u l t s  but  i t  i s  s u g g e s t e d  t h a t  n i t r o g e n  f e r t i l i z e r s  may have i ndu ced  t he  
p r o d u c t i o n  o f  h i g h e r  c o n c e n t r a t i o n s  o f  g l u c o s i n o l a t e s  and t h e i r  m e t a b o l i t e s  
in r ape c v .  Rangi  in 1969 and 1970.  T h i s  c o u l d  have been t he  cause of  
f l a v o u r  d e f e c t s  in lamb f r om t h i s  f e e d i n g  r e g i me .
T h u s  i t  wou l d  be r e a s o n a b l e  t o  c o n c l u d e  as a r e s u l t  o f  t h e  two
E d i n b u r g h  t r i a l s ,  t h a t  i f  f l a v o u r  d i f f e r e n c e s  do e x i s t  between g r a s s
and rape f ed sampl es t h a t  t h e y  a r e  so s l i g h t  t h a t  t h e y  woul d  be
u n d e t e c t e d  by t he  a v e r a g e  consumer .
( i i i ) T a s t e r s  P e r f o r ma n c e
In t he  t r i a l s  t o  compare o l d e r  t u r n i p  f ed w e t h e r s  w i t h
y o u n g e r  b a r l e y  f ed  c r o s s b r e d s  ( C h a p t e r  7)  a h i g h  p r o p o r t i o n  of
t a s t e r s  at  bot h ESCA and QMC wer e a b l e  t o  d e t e c t  aroma and f l a v o u r
d i f f e r e n c e s  by the use of  t r i a n g l e  t e s t s .  T h e y  wer e a l s o  c o n s i s t e n t
in t h e i r  p r e f e r e n c e s .  The  m a j o r i t y  of  t a s t e r s  p r e f e r r e d  sampl es
f rom t h e  o l d e r  lamb.  T hu s  t h e  t a s t e r s  wer e  c o n s i d e r e d  t o  show
s u b s e q u e n t l y
a p t i t u d e  f o r  t he  t e s t i n g  p r o c e d u r e s / u s e d  in t h e  g r a s s  v e r s u s  rape 
t r i a l s  and in t he  c o m p a r i s o n s  of  t he  w i n t e r  f o r a g e  c r o p s ,  t he 
s t u b b l e  t u r n i p s  and g r a s s  s i l a g e  and l u c e r n e  s i l a g e  t r i a l s .  T h e  
K o l m o g o r o v - S m i r n o v  t e s t  i n d i c a t e d  t h a t  p r e d o m i n a n t l y  r e s p o n s e s  were 
n ot  b i n o m i a l l y  d i s t r i b u t e d  in the t r i a n g l e  t e s t s  on f l a v o u r .  T h i s  
c o n f i r m s  t a s t e r s '  a b i l i t y  t o  d e t e c t  f l a v o u r  d i f f e r e n c e s  when sampl es such 
as t h o s e  d e s c r i b e d  in Ch.  7 a r e  compared ( i n  c o n t r a s t  t o  the o t h e r  c o mp a r i s o n s  
made in t he  p r e s e n t  s t u d y .  T h a t  in o n l y /
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o n l y  two o f  t h e  p r e f e r e n c e  t r i a l s  d i d  d i s t r i b u t i o n  of  r e s p o n s e s  
d i f f e r  f r om b i n o m i a l  d i s t r i b u t i o n  i s  c o n s i d e r e d  t o  have a r i s e n  as 
a r e s u l t  o f  t h e  h i g h l y  s u b j e c t i v e  n a t u r e  of  p r e f e r e n c e .  I t  was t h u s  
c o n c l u d e d  t h a t  t he  m e t h o d o l o g y  d e v i s e d  was l i k e l y  t o  meet  t he  
r e q u i r e m e n t s  o f  t h e  p r e s e n t  s t u d y .
( i v )  O t h e r  F o r a g e  Cr ops
As e x p l a i n e d  in C h a p t e r  10,  t he  e f f e c t s  of  f e e d i n g  b a r l e y ,  
swede,  c a b b a g e ,  s t u b b l e  t u r n i p s  and l u c e r n e  wer e s t u d i e d  as p a r t  o f  
t e a c h i n g  programmes at  QMC and ESCA.  C o mp a r i s o n s  between two f e e d i n g  
r e g i m e s ,  i n d i c a t e d  in C h a p t e r  9 w e r e :
B a r l e y  v e r s u s  Swede 
B a r l e y  "  Cabbage
Cabbage "  Swede
S t u b b l e  t u r n i p s  v e r s u s  S t u b b l e  t u r n i p s  ( l e f t  and r i g h t  s i d e s )
Gr a s s  v e r s u s  Gr a s s  s i l a g e  
Gr a s s  s i l a g e  v e r s u s  L u c e r n e  s i l a g e  
T h e r e  was l i t t l e  d i f f e r e n c e  in p r e f e r e n c e  f o r  e i t h e r  sampl e in t he  
f i r s t  f o u r  t r i a l s  w h i c h  wer e  c a r r i e d  ou t  at  QMC. T h e  f l a v o u r  of  t he  
swede f ed sampl es was p r e f e r r e d  t o  t he  bar l ey  f ed sampl es in t wo o f  t h e  
four t r i a l s  b ut  in o n l y  one of  t h e s e  t r i a l s  was a s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  in f l a v o u r  e s t a b l i s h e d  by t r i a n g l e  t e s t s .  In 
t h r e e  of  t h e  f o u r  t r i a l s ,  d e t e c t a b l e  f l a v o u r  d i f f e r e n c e s  were 
d e m o n s t r a t e d  between b a r l e y  and cabbage f ed l ambs,  a l t h o u g h  in o n l y  
one t r i a l  d i d  t h i s  d i f f e r e n c e  a f f e c t  p r e f e r e n c e .  No d e t e c t a b l e  
d i f f e r e n c e  in f l a v o u r  was d e t e c t e d  in sampl es f rom cabbage and swede 
f ed l amb,  n o r  was t h e r e  p r e f e r e n c e  f o r  lamb f r om e i t h e r  f e e d i n g  
r e g i me .  T h e  anomal ous r e s u l t s  in t he  S t u b b l e  T u r n i p  t r i a l s  a r e  
c o n s i d e r e d  in c o n t e x t .  D i f f e r e n c e s  in aroma of  raw and cooked 
samp l es/
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sampl es wer e  f ew and showed no c o n s i s t e n t  p a t t e r n  e x c e p t  f o r  the 
c o m p a r i s o n s  between t he  cooked sampl es f rom cabbage and swede fed 
l ambs.  R e s u l t s  of  K o l m o g o r o v - S m i r n o v  t e s t s  c o n f i r m e d  t h a t  
d i f f e r e n c e s  in f l a v o u r  wer e p r e s e n t  between b a r l e y  and cabbage f ed 
s a mp l e s .  In b o t h  t he  b a r l e y  v e r s u s  cabbage and cabbage v e r s u s  
swede t r a i l s ,  cabbage f ed sampl es  wer e  p r e f e r r e d .  B a r l e y  f ed 
lambs wer e l e s s  f r e q u e n t l y  p r e f e r r e d  than e i t h e r  meats f r om swede 
or  cabbage f ed  l ambs.  T h e  W i l c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k s  t e s t s  
i n d i c a t e d  t h a t  t h e r e  was no d i f f e r e n c e  in s u b j e c t s '  a b i l i t y  t o  
d e t e c t  d i f f e r e n c e s  in aroma when sampl es were a s s e s s e d  raw and cooked
In 1980,  ESCA s t u d e n t s  compared sampl es f r om g r a s s  and g r a s s  
s i l a g e  f ed lambs.  F l a v o u r  p r e f e r e n c e  f o r  g r a s s  f ed lambs was 
d e m o n s t r a t e d  ( p <0 . 0 0 5 ) .  T h i s  p r e f e r e n c e  was n ot  m a i n t a i n e d  when 
based on g e n e r a l  a c c e p t a b i l i t y  w h i c h  i s  a much l e s s  p r e c i s e  c h a r a c ­
t e r i s t i c  w h i c h  t a k e s  i n t o  a c c o u n t  such f a c t o r s  as a p p e a r a n c e ,  t e x t u r e  
i n c l u d i n g  t e n d e r n e s s ,  j u i c i n e s s  and m o u t h f e e l ,  in a d d i t i o n  t o  f l a v o u r  
T h e  p u r p o s e  o f  t h e s e  t r i a l s  was t o  d e t e r m i n e  t h e  e f f e c t s  of  f e e d i n g  
s i l a g e  as opposed t o  g r a s s  in p r e p a r a t i o n  f o r  t he  g r a s s  s i l a g e  and
l u c e r n e  s i l a g e  t r i a l s  w h i c h  wer e  t o  f o l l o w ,  
t r i a l s
T h e s e / t o o k  p l a c e  in J a n u a r y  1981 a t  ESCA.  T h e r e  was no 
d e t e c t a b l e  d i f f e r e n c e  in t he  aroma of  t h e  cooked l ean or  l ean p l u s  
f a t  sampl es  of  e i t h e r  f e e d i n g  r e g i me .  No s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  in f l a v o u r  were e s t a b l i s h e d .  T h i s  was n o t a  m a t t e r  of  
s u r p r i s e  s i n c e  aroma i s a m a j o r  component  o f  f l a v o u r .  T h e r e  was 
however  a t e n d e n c y  f o r  t he  f l a v o u r  of  t h e  g r a s s  s i l a g e  f ed sampl es 
t o  be p r e f e r r e d  in p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  wher e t h e  
b a s i s  of  p r e f e r e n c e  was s p e c i f i e d  as f l a v o u r .
T h u s  as a r e s u l t  of  t r i a l s  d e s c r i b e d  in C h a p t e r s  6 ,  8 and 9,  
c a r e f u  1/
c a r e f u l  e x p e r i m e n t a t i o n  has d e m o n s t r a t e d  t h a t  t h e  f a t t e n i n g  r egi mes  
f o r  s t o r e  lambs used in t h e  1979 ESCA t r i a l s  have e x e r t e d  l i t t l e  
e f f e c t  on lamb aroma or  f l a v o u r .  W h i l s t  i t  c o u l d  be c o n s i d e r e d  
d e s i r a b l e  t o  r e p e a t  t h e s e  e x p e r i m e n t s ,  t h e  p r e s e n t  r e s u l t s  s u g g e s t  
t h a t  i t  i s  most  u n l i k e l y  t h a t  t h e i r  f i n d i n g s  wou l d  d i f f e r .  From 
t h e s e  t r i a l s  and t h o s e  d e s c r i b e d  in C h a p t e r  5 ,  i t  i s  s u g g e s t e d  t h a t  
lamb is a v e r y  v a r i a b l e  meat  w h i c h  E d i n b u r g h  t a s t e r s  f i n d  v e r y  
d i f f i c u l t  t o  a s s e s s .  In most  t r i a l s  t e s t  and c o n t r o l  sampl es  were 
a l mo s t  i n d i s t i n g u i s h a b l e  w i t h  lamb f l a v o u r  o v e r r i d i n g  any f l a v o u r  
d i f f e r e n c e s  w h i c h  c o u l d  have a r i s e n  as a r e s u l t  of  f e e d i n g  r e g i me .
I t  seems v e r y  u n l i k e l y  t h a t  t h e  consumer  woul d r e j e c t  sampl es  f rom 
any of  t h e s e  s t o r e  lambs.
In r e l a t i o n  t o  the l u c e r n e  s i l a g e  t r i a l s ,  i t  s h o u l d  be not e d  t h a t  
Par k  e t  a l  ( 1 9 7 2 a )  r e p o r t e d  t h a t  s i g n i f i c a n t  ( p <0 . 0 l )  i n t e r a c t i o n  was 
f ound between p a s t u r e  t y p e  and c o n d i t i o n  of  p a s t u r e .  Lamb was l e ss  
a c c e p t a b l e  when l u c e r n e  p l a n t s  were l e a f y  and g r o w i n g  v i g o r o u s l y  t han 
when l u c e r n e  g r o w t h  was poor  and t h e  p l a n t s  stemmy.  T h u s  t h e  e f f e c t s  
o f  f e e d i n g  l u c e r n e  cannot  be c o n s i d e r e d  t o  be c o n s i s t e n t  p a r t i c u l a r l y  
i f  lambs a r e  t r a n s f e r r e d  t o  g r a s s  f o r  a week b e f o r e  s l a u g h t e r .  T h i s  
i s  in a gr e e me n t  w i t h  t h e  f i n d i n g s  of  S h o r l a n d  e t  al  ( 1970)  and 
C z o c h a n z a  e t  a l  ( 1 9 7 0 ) .  The  c o n v e r s i o n  o f  l u c e r n e  t o  l u c e r n e  
s i l a g e  in any case i n t r o d u c e s  f u r t h e r  v a r i a b l e s .
( v )  P r o t e c t e d  L i p i d  S u pp l e me nt s
T h e  change in method of  r e c o r d i n g  f l a v o u r  a c c e p t a b i l i t y  in t h e s e  
t r i a l s  t o  v e r y  p o o r  t h r o u g h  t o  v e r y  good has a l r e a d y  been n o t e d .  As
i n d i c a t e d  in C h a p t e r  1,  p a s t u r e  f ed  lambs wer e p r e f e r r e d  t o  t h o s e  f ed 
p r o t e c t e d  l i p i d  s u p p l e m e n t s .  A l t e r a t i o n s  o c c u r  as a r e s u l t  o f  l e n g t h  
of  f e e d i n g  and n a t u r e  o f  s u p p l e me n t  s i n c e  s u n f l o w e r  seed was c r i t i c i s e d  
l ess  t han s a f f l o w e r  seed.  W r i g h t  e t  a l  ( 1974)  f ound t h a t  w h i l s t  
f 1avou r/
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f l a v o u r  was d i f f e r e n t  i t  was not  u n a c c e p t a b l e .  G a r r e t t  e t  a l  ( 1976)  
c o n f i r m e d  t h a t  18 : 3 f a t t y  a c i d  c o n c e n t r a t i o n  in f a t t y  t i s s u e  i n c r e a s e d  
but  p a l a t a b i l i t y  s t u d i e s  were not  c a r r i e d  o u t .  A d v e r s e  comments have been 
made m a i n l y  by A u s t r a l i a n  w o r k e r s .  T h e y  c o n s i d e r  ( F o r d  and Par k 1980)  t h a t  
the o i l y  f l a v o u r  d e t e c t e d  may be p r e f e r r e d  by N o r t h  A m e r i c a n s  and J a p a n e s e  
a c cust omed as t h e y  a r e  t o  the o i l i n e s s  o f  p o r k  and p o u l t r y !  Such f l a v o u r  
c o u l d  t h e r e f o r e  be a d v a n t a g e o u s .
( v i ) O b j e c t i v e  Dat a
T h i s  d a t a  was c o l l e c t e d  as a c o n t r i b u t i o n  t o  f u n d a me n t a l  
k n o wl e d g e  and t o  d e t e r m i n e  i f  any of  t h e s e  o b j e c t i v e  p a r a me t e r s  
c o u l d  be l i n k e d  t o  p r e d i c t i o n s  of  f l a v o u r .
The  f o l l o w i n g  c o n c l u s i o n s  wer e r e a c h e d :
1. A l t h o u g h  t h e r e  a r e  c o n s i d e r a b l e  d i f f e r e n c e s  in i n i t i a l  w e i g h t s  
o f  l e f t  and r i g h t  g i g o t s  of  s t a n d a r d  a n a t o m i c a l  l o c a t i o n  t h e s e  ar e  
n ot  of  s t a t i s t i c a l  s i g n i f i c a n c e .  A l t h o u g h  t h e s e  i n i t i a l  w e i g h t  
d i f f e r e n c e s  a r e  r e f l e c t e d  in t o t a l  and e v a p o r a t i v e  w e i g h t  l o s s e s ,  
d i f f e r e n c e s  between r i g h t  and l e f t  s i d e s  a r e  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  In f u t u r e  e x p e r i m e n t s  i t  may n o t  t h e r e f o r e  be n e c e s s a r y  
t o  compare j o i n t s  f r om t he  same s i d e  of  c a r c a s s e s  p r o v i d e d  t h a t  
a n a t o m i c a l  l o c a t i o n  i s  s t a n d a r d i s e d .
2.  When c o mp a r i n g  t o t a l  p e r c e n t a g e  w e i g h t  l o s s e s  ( s i m i l a r  t o  t h o s e  
of  O l i v e r  e t  a l  ( 1 97 0 )  and Kemp e t  a l  1972)  i r r e s p e c t i v e  of  f e e d i n g  
r e g i m e ,  t h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in w e i g h t  
l o s s e s  between g i g o t s  and l o i n s .  T o t a l  w e i g h t  l o s s e s  a r e  l ower  f o r  
l o i n s .  W h i l s t  i t  i s  c l e a r  t h a t  i n most  l a b o r a t o r i e s  meats o f  
s t a n d a r d  a n a t o m i c a l  l o c a t i o n  a r e  used in c o m p a r i s o n s ,  t h i s  f i n d i n g  
c o n f i r m s  t h e  i m p o r t a n c e  o f  f o l l o w i n g  t h i s  p r a c t i c e .
3.  T h e r e  a r e  a l s o  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between 
e v a p o r a t  i ve/
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e v a p o r a t i v e  l o s s e s  between g i g o t s  and l o i n s .  L o i n s  show g r e a t e r  
u n i f o r m i t y  o f  e v a p o r a t i v e  w e i g h t  l o s s  t han g i g o t s .  T h i s  f i n d i n g  
a g a i n  e mp h a s i s e s  t he  n e c e s s i t y  of  u s i n g  s t a n d a r d  sampl es f o r  
e x p e r i m e n t s .  Both in r e l a t i o n  t o  t o t a l  and e v a p o r a t i v e  l o s s e s ,  
v a r i a t i o n s  i n d i c a t e  t h a t  as l a r g e  a g r o u p  o f  sampl es as p o s s i b l e  
s h o u l d  be used s i n c e  such i n t r i n s i c  v a r i a t i o n  e x i s t s  between 
samp l e s .
A.  T h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in i n i t i a l  pH 
v a l u e s  of  g i g o t s  and l o i n s .  T h e  l o i n s  have much l ower  pH v a l u e s .  
L o i n s  showed l e s s  v a r i a t i o n  in i n i t i a l  pH t han g i g o t s .  T h i s  
d i f f e r e n c e  c o u l d  a f f e c t  changes i nd u ced  by t he c o o k i n g  p r o c e s s  
p a r t i c u l a r l y  t h o s e  r e l a t i n g  t o  t e n d e r n e s s  and j u i c i n e s s .
5.  T h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in cooked pH 
v a l u e s  o f  g i g o t s  and l o i n s .  A g a i n ,  l o i n s  showed l ower  pH v a l u e s  
and l e s s  v a r i a t i o n  than g i g o t s .
6 . D e s p i t e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in i n i t i a l  and 
cooked pH v a l u e s ,  changes in pH in r e s p o n s e  t o  t h e  c o o k i n g  p r o c e s s
showed no s t a t i s t i c a l  d i f f e r e n c e s  ( p <0 . 3 0 ) .  Changes i n pH a r e  o n l y
s l i g h t l y  more u n i f o r m  in l o i n s  t han g i g o t s .
6 . L e f t  and r i g h t  g i g o t s  were compared in r e l a t i o n  t o  r e s p o n s e  t o
t h e  c o o k i n g  p r o c e s s .  T h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  r e s p o n s e  
between j o i n t s  f rom the l e f t  and r i g h t  s i d e s  o f  t he same c a r c a s s  
^ < 0 . 3 0  and p < 0 . 2 0  ( I d f )  f o r  g i g o t s  and l o i n s  r e s p e c t i v e l y ) .  Changes 
wer e however  more u n i f o r m  in l e f t  s i d e  t han r i g h t  s i d e  j o i n t s .
7. L o i n s  a r e  c o n c l u d e d  t o  be l e s s  i n h e r e n t l y  v a r i a b l e  t han g i g o t s  
and may t h e r e f o r e  be b e t t e r  s u i t e d  f o r  e x p e r i m e n t a l  s t u d i e s .  I t  is 
n e v e r t h e l e s s  i m p o r t a n t  t o  t a k e  i n t o  a c c o u n t  o b s e r v e d  d i f f e r e n c e s  in 
t o t a l  and e v a p o r a t i v e  w e i g h t  l o s s e s  as a r e s u l t  of  t he  c o o k i n g  p r o c e s s  
and/
and s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in i n i t i a l  and cooked pH 
v a l u e s  when c o m p a r i s o n s  a r e  made.
A l t h o u g h  c o n s i d e r a b l e  i m p o r t a n c e  is a t t a c h e d  t o  c o mp a r i s o n s  
between j o i n t s  o f  s t a n d a r d  a n a t o m i c a l  l o c a t i o n ,  t o  t he e x t e n t  t h a t  
o n l y  a s i n g l e  mu s c l e  may be used i n c o m p a r i s o n s ,  i t  i s  c o n c l u d e d  
t h a t  in f u t u r e  s t u d i e s  g r e a t e r  emp ha s i s  s h o u l d  be p l a c e d  in s t u d y i n g  
i n h e r e n t  d i f f e r e n c e s  between c u t s  o f  meat  o r  mu s c l e s  s e l e c t e d  f o r  
t e s t i n g .  T h e s e  f i n d i n g s  p r e s e n t  q u a n t i t a t i v e  e v i d e n c e  o f  t h e  need 
t o  s t a n d a r d i s e  l o c a t i o n  o f  meat  sampl es as w e l l  as t h e  need t o  
i n v e s t i g a t e  t h e  n a t u r e  of  p o s s i b l e  d i f f e r e n c e s  between them.  T h i s  
p r a c t i c e  has been f o l l o w e d  i n many l a b o r a t o r i e s  but  f r om l i t e r a t u r e  
s t u d i e s  i t  i s  i m p o s s i b l e  t o  j u d g e  w h e t h e r  t h i s  a p p r o a c h  has been 
i n t u i t i v e  or  based on q u a n t i t a t i v e  a s s e s s me n t s .
( v i i )  Compar i ng  t he  Aroma and Cooked Sampl es and a S t u d y  o f  t he
C o n t r i b u t i o n  o f  Fa t  t o  F l a v o u r
In C h a p t e r  7 ,  t e s t s  t o  m o n i t o r  s u b j e c t s '  p e r f o r m a n c e  a r e  
d e s c r i b e d ;  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in t h e  aroma of  
raw and cooked g i g o t  sampl es  wer e  d e m o n s t r a t e d  ( p <0 . 0 0  and p < 0 . 0 5  
r e s p e c t i v e l y ) .  F o r  l o i n s ,  a l t h o u g h  t h e r e  wer e no d e t e c t a b l e  
d i f f e r e n c e s  i n t h e  raw s a m p l e s ,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
in cooked sampl es  wer e  shown ( p <0 . 0 l ) .  R e s u l t s  f rom l o i n s  may have 
been a f f e c t e d  by t h e  s ma l l  p ane l  s i z e  s i n c e  t h e r e  wer e  o n l y  s i x  
p a r t i c i p a n t s .  When t h e  r e s u l t s  f o r  a l l  g i g o t  and bot h l o i n  t r i a l s  
ar e  c o mb i n e d ,  t h e  p o s s i b i l i t y  of  a c h i e v i n g  t h e  d i f f e r e n c e  by c hance 
a l o n e  i s  z e r o  ( T a b l e  7 . 9 ) .  In f o u r  of  t h e  seven t r i a n g l e  t e s t s  f o r  
f l a v o u r  r e s u l t s  a r e  n ot  b i n o m i a l l y  d i s t r i b u t e d .  T h e  same a p p l i e s  
t o  two of  t he  s i x  t r i a l s  r e l a t i n g  t o  t r i a n g l e  t e s t s  on t h e  aroma of  
raw sampl es  and t o  two o f  t h e  seven t r i a l s  r e l a t i n g  t o  p a i r e d  
compar  i sons/
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c o m p a r i s o n s  ( T a b l e  9 . 1 0 ) .  I t  is t h e r e f o r e  c l e a r  t h a t  s u b j e c t s  
f ound f a r  more r e a d i l y  d e t e c t a b l e  d i f f e r e n c e s  between t h e s e  two 
sampl es  t h an  i n a l l  t h e  o t h e r  t r i a l s  o f  t h e  p r e s e n t  s t u d y .  T h e  
W i I c o x o n  M a t c h e d - P a i r s  S i g n e d - R a n k s  t e s t  i n d i c a t e s  t h a t  s u b j e c t s  
do not  d e t e c t  d i f f e r e n c e s  any more r e a d i l y  i n raw t han i n cooked 
sampl es ( T a b l e  7 . 1 1 ) .
T h i s  i s  a f i n d i n g  o f  c o n s i d e r a b l e  i m p o r t a n c e .  I f  d i f f e r e n c e s  
i n aroma a r e  d e t e c t e d  j u s t  as r e a d i l y  i n raw s a mp l e s ,  i t  i s  l i k e l y  
t h a t  t h e  same r e s u l t  wou l d  have been o b t a i n e d  by t e s t i n g  sma l l  sampl es 
o f  t h e  raw t i s s u e  f r om t he  a p p r o p r i a t e  a n a t o m i c a l  l o c a t i o n s  r a t h e r  
t han as in t h e s e  e x p e r i m e n t s ,  c o o k i n g  t h e  s a mp l e s .  T h i s  woul d not  
o f  c o u r s e  a p p l y  i f  f l a v o u r  p r e f e r e n c e s  o r  f l a v o u r  d i f f e r e n c e s  were 
t o  be d e t e r m i n e d .  In f u t u r e  e x p e r i m e n t a l  p r ogr ammes,  i t  i s  s u g g e s t e d  
t h a t  b e f o r e  m a j o r  t r i a l s  i n v o l v i n g  cooked sampl es a r e  u n d e r t a k e n ,  
t h e  f e a s i b i l i t y  o f  s a m p l i n g  t h e  raw c a r c a s s  i n i t i a l l y  s h o u l d  be 
i n v e s t i g a t e d .  I f  t h i s  s a m p l i n g  p r o c e d u r e  were t o  p r o v e  s u c c e s s f u l ,  
t h e r e  c o u l d  be c o n s i d e r a b l e  f i n a n c i a l  and e c o n o mi c  i m p l i c a t i o n s .
T h e  r e s u l t s  d i s c u s s e d  above s h o u l d  be compar ed w i t h  t h o s e  set  
ou t  in T a b l e  1 1 . 1 .  In a l l  t h e  t r i a l s  r e l a t i n g  t o  t he f a t t e n i n g  
r e g i me s  f o r  s t o r e  lambs in 1 9 7 7 , w i t h  o n l y  two e x c e p t i o n s  s u b j e c t s '  
p e r f o r m a n c e  i n t r i a n g l e  t e s t s  was t h e  same in raw as i n cooked 
s a mp l e s .  T h e s e  t wo p r o b a b l y  anomal ous r e s u l t s  a r e  d i s c u s s e d  in 
c o n t e x t  i n C h a p t e r  9.  T h i s  a l s o  a p p l i e s  t o  t r i a l s  i n  w h i c h  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n aroma wer e d e t e c t e d .  T h i s  
c o n f i r m s  t h e  f i n d i n g s  of  C h a p t e r  7 and i n d i c a t e s  t h a t  f u r t h e r  
i n v e s t i g a t i o n s  woul d  be of  g r e a t  v a l u e .
T h e  c o n t r i b u t i o n  o f  f a t t y  t i s s u e  t o  lamb aroma and f l a v o u r  was 
s t u d i e d  i n e x p e r i m e n t s  c a r r i e d  ou t  by s t u d e n t s  a t  ESCA.  When sampl es 
o f /
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o f  g r a s s  s i l a g e  and l u c e r n e  s i l a g e  wer e a s s e s s e d  f o r  ar oma,  t h e r e  was 
no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  e s t a b l i s h e d .  T h e  p r e s e n c e  
o f  f a t t y  t i s s u e  d i d  not  i n f l u e n c e  t h i s  r e s u l t  ( T a b l e  1 1 . 2 ) .  S i m i l a r l y  
s p e c i e s  d i f f e r e n c e  in t he  aroma of  cooked lamb and beef  were d e m o n s t r a t e d  
in t h e  p r e s e n c e  o r  abs en c e  o f  f a t t y  t i s s u e .  T h e s e  d i f f e r e n c e s  were 
o f  s t a t i s t i c a l  s i g n i f i c a n c e .  A l t h o u g h  r e s u l t s  must  be r e g a r d e d  w i t h  
c a u t i o n  i n v i e w  o f  p o s s i b l e  d i s t r a c t i n g  e f f e c t s  of  t e x t u r e ,  t h e  f l a v o u r  
o f  sampl es of  l ean t i s s u e  of  lamb and be ef  was r e a d i l y  d i s t i n g u i s h e d  
in t r i a n g l e  t e s t s  ( p <0 . 0 0 l ) .  For  lamb i t  woul d  t h u s  a p p e a r  t h a t  
s u f f i c i e n t  of  t h e  w a t e r  s o l u b l e  p h o s p h o l i p i d  f r a c t i o n  i s  p r e s e n t  in 
t h e  p e r i m y s i u m  t o  c o n f e r  c h a r a c t e r i s t i c  s p e c i e s  aroma and f l a v o u r ,  
d u r i n g  t h e  c o o k i n g  p r o c e s s  ( Rhodes 1973;  Rhodes 1978;  Mo t t r a m and 
Edwar ds 1 9 8 3 ) .
T h i s  f i n d i n g  does n ot  c o r r e s p o n d  t o  some of  t he  t e s t s  w h i c h  wer e
c a r r i e d  o u t  w i t h  p o r k .  When t h e  aroma o f  cooked f a t t y  t i s s u e  f rom
young and m a t u r e  p i g s  was compared u s i n g  t r i a n g l e  t e s t s ,  d e t e c t a b l e
d i f f e r e n c e s  wer e  p r e s e n t  i n bot h raw and cooked sampl es ( p <0 . 0 1 ) .  As
w i t h  lamb,  t h e  c o o k i n g  p r o c e s s  d i d  n ot  a f f e c t  t h i s  r e s u l t .  T h e r e  were
a l s o  d e t e c t a b l e  f l a v o u r  d i f f e r e n c e s  i n t h e  f l a v o u r  of  l ean t i s s u e
( p <0 . 0 l )  as a s s e s s e d  by t r i a n g l e  t e s t s .  In s u b s e q u e n t  t e s t s ,  u s i n g
y o u n g e r  p i g  and boar  m e a t s ,  t he  p r e s e n c e  o f  f a t t y  t i s s u e  i n c r e a s e d
s u b j e c t s '  a b i l i t y  t o  d e t e c t  d i f f e r e n c e s  between t he  aroma of  t h e  two
2
s a mp l e s .  T h e  v a l u e  o f  x  d e r i v e d  f r om c o mp a r i n g  c o r r e c t  and i n c o r r e c t  
r e s p o n s e s  was 2 3 . 0 6  i n d i c a t i n g  t h a t  f a t t y  t i s s u e  made a v e r y  h i g h l y  
s i g n i f i c a n t  c o n t r i b u t i o n  t o  s u b j e c t s '  p e r f o r m a n c e .  T h i s  i s in 
c o n t r a s t  t o  t h e  s p e c i e s  i d e n t i f i c a t i o n  t r i a l s  o f  lamb and beef  where 
s u b j e c t s '  p e r f o r m a n c e  i mpr oved i f  o n l y  l ean t i s s u e  was p r e s e n t .  T h i s  
r e s u l t  was n o t  however  of  s t a t i s t i c a l  s i g n i f i c a n c e  (x v a l u e  was 3 - 5 7  
( I d f ) /
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(1 d f ) p <0.  10).. F u r t h e r  r e s u l t s  o f  t h i s  s e r i e s  o f  t r i a l s  a r e  g i v e n  
in C h a p t e r  11 b ut  a r e  n ot  o f  r e l e v a n c e  in co mp a r i n g  t he c o n t r i b u t i o n  
o f  f a t t y  t i s s u e  in cooked lamb w i t h  t h a t  o f  cooked p o r k  s a mp l e s .  I t  
is c l e a r  t h a t  l ean cooked t i s s u e  o f  lamb p o s s e s s e s  aroma and f l a v o u r  
c h a r a c t e r i s t i c  o f  s p e c i e s  p r o v i d e d  t h a t  f a t t y  t i s s u e  i s  n o t  removed 
b e f o r e  c o o k i n g .  T h e s e  r e s u l t s  s u g g e s t  t h a t  f u r t h e r  e x p e r i m e n t a t i o n  
t o  d e t e r m i n e  t h e  e f f e c t s  of  f a t t y  t i s s u e  on lamb f l a v o u r  wou l d  be of  
i n t e r e s t .
6 . Cone 1 us i ons
R e s u l t s  of  t r i a l s  d e s c r i b e d  in t h i s  s t u d y  i n d i c a t e  t h a t  t a s t e r s  
in E d i n b u r g h  p e r f o r m  b e t t e r  in e x p e r i m e n t s  d e s i g n e d  t o  d e t e c t  
d i f f e r e n c e  and e s t a b l i s h  p r e f e r e n c e  as d e s c r i b e d  in C h a p t e r s  6 , 7 
8 and 9 t han t h e y  do in h e d o n i c  r a t i n g  s c a l e s .  T h i s  f i n d i n g  was 
u n e x p e c t e d  in v i e w  of  t e c h n i q u e s  so w i d e l y  used i n o t h e r  l a b o r a t o r i e s .  
I t  c o u l d  however  be a r gued t h a t  s c o r e s  d e r i v e d  f rom h e d o n i c  r a t i n g  
s c a l e s  a r e  n ot  n e c e s s a r i l y  d i r e c t l y  r e l a t e d  t o  p r e f e r e n c e  f o r  or  
d i f f e r e n c e  bet ween sampl es a l t h o u g h  t h e y  a r e  as f r e q u e n t l y  used f o r  
t h i s  p u r p o s e .  F u r t h e r  c o m p a r i s o n s  of  t e s t i n g  p r o c e d u r e s  a r e  
t h e r e f o r e  a p r i o r i t y .
A l t h o u g h  d i f f e r e n c e  and p r e f e r e n c e  t e s t i n g  a r e  u s u a l l y  
c o n s i d e r e d  t o  be a p r e l i m i n a r y  t o  t e s t s  o f  a more d e s c r i p t i v e  t y p e ,  
t h i s  s t u d y  o f  t h e  e f f e c t s  of  t h e s e  f a t t e n i n g  r e gi me s  on t he  f l a v o u r  
o f  sampl es  f r om s t o r e  lambs does n o t  i n d i c a t e  t h a t  such a d d i t i o n a l  
t e s t s  wou l d  be o f  v a l u e .  Consumers a r e  u n l i k e l y  t o  r e j e c t  sampl es 
o f  s t o r e  lambs f rom any of  t he  f a t t e n i n g  r e gi me s  s t u d i e d .  In 
n o t i n g  t he  v a r i a t i o n  in g i g o t  and l o i n  sampl es and t he s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  between them,  t he  v a l u e  o f  f u r t h e r  s t u d i e s  
of /
o f  t he  n a t u r e  o f  t h e s e  d i f f e r e n c e s  i s  i n d i c a t e d .  T he  f a c t  t h a t  
d i f f e r e n c e s  in aroma of  lamb a r e  d e t e c t e d  j u s t  as r e a d i l y  i n raw 
as in cooked sampl es has c o n s i d e r a b l e  e c o no mi c  and p r a c t i c a l  
i m p l i c a t i o n s  and i t  i s  s u g g e s t e d  t h a t  t h i s  i m p o r t a n t  f i n d i n g  s h o u l d  
r e c e i v e  f u r t h e r  s t u d y .  I t  woul d  a l s o  be o f  i n t e r e s t  t o  make a 
f u r t h e r  s t u d y  o f  t h e  c o n t r i b u t i o n  of  f a t t y  t i s s u e  lamb' f l a v o u r  
p a r t i c u l a r l y  as sheep meat  seems t o  show such i n t r i n s i c  v a r i a t i o n s  
and lamb o d o u r  and f l a v o u r  a r e  s u f f i c i e n t l y  i n t e n s e  t o  mask any  
s l i g h t  d i f f e r e n c e s  in f l a v o u r  r e s u l t i n g  f rom f e e d i n g  r e g i me .
T h r o u g h o u t  t h e  s t u d y  i t  was d e m o n s t r a t e d  t h a t  r o a s t e d  lamb sampl es 
have q u i t e  d i f f e r e n t  s e n s o r y  a t t r i b u t e s  t o  t h o s e  o f  be ef  and p o r k .
I t  wou l d  be o f  v a l u e  t o  i n v e s t i g a t e  t he  r e a s o n s  f o r  t h e s e  d i f f e r e n c e s  
more f u 11  y .
T h e  e x p e r i m e n t a l  r e s u l t s  d e s c r i b e d  in t h i s  s t u d y  have d e m o n s t r a t e d  
t he need f o r  f u r t h e r  i n v e s t i g a t i o n s  p a r t i c u l a r l y  i n r e l a t i o n  t o  the 
causes o f  v a r i a t i o n  in sheep meat s a mp l e s .  T he  e x p e r i m e n t a l  t e c h n i q u e s  
w h i c h  have been d e v i s e d  have been shown t o  be a p p r o p r i a t e  in a C o l l e g e  
s i t u a t i o n  wher e  t a s t e r s  can p a r t i c i p a t e  o n l y  i n  a l i m i t e d  number o f  t r i a l s  
and wher e  the s e n s o r y  a p p r a i s a l  o f  meats i s  o n l y  a s ma l l  p a r t  of  
e x p e r i m e n t a l  p r ogr ammes.  I t  is hoped t h a t  i t  w i l l  be p o s s i b l e  t o  
c o n t i n u e  w i t h  a n d e x t e n d  such c o l l a b o r a t i v e  e x p e r i m e n t a l  programmes in 
t he  f u t u r e .
268.
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QUEEN MARGARET COLLEGE 
MEAT RESEARCH PROJECT -  T A S T I N G  T E S T S  -  ROAST LAMB 
T o :  ALL  T E S T E RS  -  I NSTRUCTI ONS
P l e a s e  w i l l  you t a s t e  a l l  sampl es  of  r o a s t e d  lamb f rom each b a t c h .  
D e c i d e  w h i c h  o f  t h e  f o l l o w i n g  d e s c r i p t i o n s  i s  most  a p p r o p r i a t e  t o  
t h e  FLAVOUR o f  a p a r t i c u l a r  s a mp l e :
TABLE  3-1
L i k e  e x t r e m e l y ( 1)
L i k e  m o d e r a t e l y ( 2 )
L i ke s l i g h t l y ( 3)
N e i t h e r  l i k e / n o r  d i s l i k e ( M
D i s l i k e  s l i g h t l y ( 3)
D i s 1 i ke m o d e r a t e l y ( 6)
D i s 1i ke e x t r e m e l y ( 7)
T h e  d e s c r i p t i o n  w h i c h  most  c l o s e l y  mat ches  y o u r  r e s p o n s e  t o  the 
f l a v o u r  o f  t h e  meat  sampl e s h o u l d  be s c o r e d  as i n d i c a t e d  in 
b r a c k e t s  :
e . g .  d e s c r i p t i o n  " L i k e  m o d e r a t e l y " ,  t h e r e f o r e  s c o r e  ( 2)  
d e s c r i p t i o n  " D i s l i k e  s l i g h t l y " ,  t h e r e f o r e  s c o r e  ( 5)
R e t a s t i n g  i s  a l l o w e d  but  t o o  much r e t a s t i n g  may be c o n f u s i n g .  Use 
w a t e r  as a p a l a t e  c l e a n s e r  between s a mp l e s .  Re c or d  y o u r  f i n d i n g s  
on t he  s h e e t s  p r o v i d e d .
T h i s  t y p e  of  a s s e s s me n t  i s  known as HEDONIC RATI NG SC A L E.
Dat e  .....................................................................................
T  i me s ..................................................................................
P l a c e  ..................................................................................
Thank you f o r  y o u r  c o - o p e r a t i o n .  P l e a s e  c o n t i n u e  t o  p a r t i c i p a t e  in 
t h e s e  t e s t i n g  p r o c e d u r e s .
QUEEN MARGARET COLLEGE
TABLE  3 .2
SENSORY APPRAI SAL OF MEAT SAMPLE
NAME ................
T E S T  TYPE . . .  





TABLE 3 . 3  ( A v a i l a b l e  t o  t a s t e r s  d u r i n g  a l l  s e s s i o n s )
QMC/ESCA RESEARCH PROJECT
HEDONIC SCALE RATI NGS -  I NSTRUCTI ON SHEET
T a s t e  each o f  t h e  sampl es  p r o v i d e d .  D e c i d e  how much you l i k e  
or  d i s l i k e  t h e  f l a v o u r  o f  each sampl e.  Use t h e  s c a l e  b e l o w t o  
i n d i c a t e  y o u r  o p i n i o n  o f  t h e  f l a v o u r  o f  t h e  s a mp l e s .
S c o r e
L i k e  v e r y  much 1
L i k e  m o d e r a t e l y  2
L i ke s 1 i g h t l y  3
N e i t h e r  l i k e  n o r  d i s l i k e  A
D i s l i k e  s l i g h t l y  5
D i s l i k e  m o d e r a t e l y  6
D i s 1 i ke v e r y  much 7
R e t a s t i n g  i s  a l l o w e d  but  t o o  much r e t a s t i n g  may be c o n f u s i n g .  
P a l a t e  c l e a n e r s  s h o u l d  be u sed.
DATE ...........
T E S T  NUMBER
A l t e r n a t i v e  P r e s e n t a t i o n s  of  Sampl es i n P a i r e d  Co mp a r i s o n  ( P r e f e r e n c e )  
t e s t s ,  ( as d e s c r i b e d  in C h a p t e r  k)
PLATE  5
A l t e r n a t i v e  P r e s e n t a t i o n s  of  Sampl es i n T r i a n g l e  T e s t s ,  ( as d e s c r i b e d  




P A P D R C
ANALYSIS OF RESULTS - ROASTED LAIS JOINTS 
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Sample Tasted: Side of Carcass:
Ch-en Temperature: 1 770C(35'3°P) Internal temperature attained: Variable
RESULTS SAMPLES
Pro r a m : 
F i l e :
DPA
„ ,. Internal temo. 
Recording , , . , Dri '0 attained °C 70 75 80 n 5
Initial pH meat
p H  cooked meat
Weight raw meat g .
. . . . .  !
Weight roasting tin g.
Weight cooked meat g.
i
Total weight loss g.
% Weight loss







T ABLE 4 . 2
QUEEN MARGARET COLLEGE
FOOD SCIENCE
Oven temperature: Internal temperature attained
TABLE  A . 3
gUEBS MARGARET COLLEGE
m e a t  r e s e a r c h  p r o j e c t
(in conjunction with ESCA)
Preliminary Testing Procedures
Name of tester:
Date of test: ' ) ' )
After completing these tests, please leave this form in the tray 
provided*
Primary Tastes
There are four urinary tastes - sweet, sour, saltv and titter. Each 
is identified b y  taste brads located at specific areas of the tonrue.
Pour of the flasks contain solutions to enable r e c o m i t i o n  of one cf 
the nrimary tastes. The fifth contains tan ’-rater.
Taste the contents of each of the flasks. Identify the taste cf the 
four solutions.
PI ask Primary Taste
1 Sat-fcq .
2 , j O t r
A ( JU IÜ j L ''.
5 b i t t y  s '.
Retastin^ is allowed but do not retaste too much as this may be confusinr. 
You will find it heloful to rinse your mouth with water in between tastings.
Mixtures of Primary Tastes
You are provided with three solutions. Each solution is a mixture of 
2 or 3 primary tastes, (sweet, sour, salty and bitter).
Taste each solution. Identify the primary tastes present in each. Make
2
a tick in the appropriate space in the table below when yea recognise the 
presenoe of one of the primary tastes.
Solution Sweet Sour Salty BITTBR
A y a /
B
yC
Great care is required in this test. It may be necessary to taste 
each solution more than once to identify either the two or three primary 
tastes.
3* Ranking Test
Three sugar solutions, L, B and V are provided. Taste each of them 





Retesting is allowed but you are advised not to retaste too much as 
this may be confusing.
4« Odour Recognition
Contained in the bottles are 20 fairly common odorants - types of smells 
with which you should be familiar.
Please describe the smell of each if you know the chemical name, please 
state it, otherwise describe the smell. 13ven if yeu cannot remember what the 
smell is, if you can remember where you enoountered the particular smell 
please say so, eg.
Hospital, dentist, floriBt, grocer, chemist etc,
There is something in every bottle - it is better to identify those 
with which you are familiar firBt and then go back to the ones which you did 
not identify immediately.
If you think a bottle has no smell, pause for a short time as you may be 
suffering temporarily from odour fatigue.
Please w rite  something f o r  each odorant.
B o ttle  Ko, O dour/association. Please describe
1
( l a i i  C u A /  C ) v L  ^
2
. f W J i & l e L .  ........... ................................. . . .  S
3
. p ju w  c l a y . o t L o u / ._______________________  ^  ..........
4
.  ¡ j t u / l j j .............................. ................ .. .
5 i f l i y i i J L u . . . . . . .  ...........S ................... ....
6
t/ h (L < A U D  ,  .........................................  _. .  a  .............
7 A m p h / A  - .  to rrw rio Q A Jb  r p  h / u A n j j  a  u r U L  3
e
p l / Y i a  n r m v k s . . . . . ......................  . . .  ^
9 k i s r t a  ' u A  o  7
10 /
f i l i h n o j i  . _________ ____ ___________ . . .  P
11
( iM r r u b p L  f t T u l L  o l ^  o & T T n in /  A ik x J i
12
i l l  t m u \ A . j'A S p jn s tS Z . . .  r . f t o J ir y f P c r j?  A t T it / A  3
13 L / j  t ijjm .L r t J L . P m / p  J f o u J lk
14 / j r  o  kI ' / j n A n  . ....................  °
15 17)  (P f d o  rd Jo  _____ . .  . .................. . . . . . . .  f -
16
l  e / n .m  q r . 'S ’n . - o  -  f l j l i -  <^LU ,h>m/ l A z ri/2
17 . (t e n . . . -  S a i l : .  S a t x . m t L c  . . s
18
c \ l .  p c u n i n  n - f m £ , .  f y p z . c j .  / e r t / n i e * ' 3  •..
19 M lJ d ijL  . - .  O tb lA A P n h L . ________  6 * .
20
P js ia jy ij llIs . . . .  a k s i j  . P u / n L  / la & u  S
Thank you f o r  ta k in g  pa rt in  these te s ts . As w e ll as ta s tin g  meats, there 
w i l l  be a d d itio n a l te s ts  o f t h is  k in d  from tim e to  tim e .
I  look forw ard to  meeting you and to  d iscussing  our f in d in g s .
Mrs I) A P a rry
Senior Lecture r in  Pood Science
and. N u tr it io n
KEY TO T E S T S
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0 . 2 %  sodi um c h l o r i d e  w/v
0 . 0 6 %  c i t r i c  a c i d  w/v 
2 . 0 %  s u c r o s e  w/v
0 . 0 7 %  c a f f e i n e  w/v 
D e i o n i s e d  w a t e r
8% s u c r o s e  w/v 
10% "
12%
L i nseed o i 1 
Ment hol
I s o - a m y l  a c e t a t e
Gar 1 i c
Van i 11 a
Sage
V i ck
C u r r y  power  
A c e t i c  a c i d  
Nutmeg 
Ammon i a 
Benza I dehyde 
O i l  of  an i seed 
Eugenol  
N a p h t h a l e n e  
C i t  r a 1 
T  oba cc o  
Phenol
P i ne d i s i n f e c t a n t  
O i 1 o f  c o c o n u t
R e s u l t s  o f  T e s t  2 wer e o m i t t e d .
TABLE b.b
QUEEN MARGARET COLLEGE 
RESEARCH PROJECT -  MEATS 
( i n  c o m b i n a t i o n  w i t h  ESCA)
Dear
T h a n k  you v e r y  much i ndeed f o r  v o l u n t e e r i n g  t o  t a k e  p a r t  i n t h i s  
Re s e a r c h  P r o j e c t .  P e r ha p s  when you he a r  more a bout  what  i s  i n v o l v e d  
you w i l l  e n c o u r a g e  o t h e r s  t o  p a r t i c i p a t e !  The more p a r t i c i p a n t s  
t h e r e  a r e ,  the more y o u r  p e r s o n a l  commi t ment  w i l l  be r e d u c e d !
R e s u l t s  f r o m l a r g e  numbers o f  t a s t e r s  a r e  of  g r e a t e r  a c c u r a c y .  I t  
i s  a l s o  of  g r e a t  i mp o r t a n c e  t h a t  our  a b i l i t y  t o  c a r r y  ou t  such 
r e s e a r c h  p r o j e c t s  a t  Queen M a r g a r e t  C o l l e g e  s h o u l d  be r e c o g n i s e d .
Most  o f  ou r  wor k w i l l  be c o n c e r n e d  w i t h  t ast i ng  r o a s t e d  lamb sampl es 
( h o t  and c o l d )  or  ' s n i f f i n g '  he a t e d  cooked sampl es t o  d e t e c t  p o s s i b l e  
d i f f e r e n c e s  i n aroma.  I woul d  hope t h a t  some -  i f  not  a l l  o f  y ou !  -  
c o u l d  become t r a i n e d  t a s t e  p a n e l  members.  O c c a s i o n a l l y ,  we may be 
asked t o  t as  t e / ' s n i f f ' o t h e r  meat s .
In a d d i t i o n ,  I hope t h a t  you w i l l  a g r e e  t o  t a ke  p a r t  i n e x p e r i m e n t s  
w h i c h  ar e  d e s i g n e d  t o  s e l e c t  -  w i t h  g r e a t  s t r i n g e n c y  -  t r a d  i t  Î on a 1 
t a s t e  p a n e l  members.  As a r e s u l t  of  r e s e a r c h  p r o j e c t s  a l r e a d y  
c a r r i e d  o u t  i n C o l l e g e  f o r  meat  t a s t i n g / f l a v o u r  a s s e s s me n t s  t h e s e  
c r i t e r i a  do not  a l w a y s  a p p l y  h e r e !  Some of  my b e s t  p e r f o r m e r s  wou l d  
have been r e j e c t e d  a t  t h e  f i r s t  s t a g e  of  s e l e c t i o n  as panel  members!
I l ook  f o r w a r d  t o  c o n t a c t i n g  you a g a i n  in t h e  ne ar  f u t u r e .
You w i l l  be r e i m b u r s e d  f o r  any " o u t  of  p o c k e t "  expenses  i n a t t e n d i n g  
t a s t i n g  s e s s i o n s  and i t  is hoped t h a t  f rom t i me  t o  t i me  t a s t e r s  w i l l  
meet  t o g e t h e r  t o  d i s c u s s  p r o g r e s s  i n a more s o c i a l  s e t t i n g .
W i t h  many t h a n k s  and good w i s h e s .
Y o u r s  s i n c e r e l y
MRS D A PARRY
S e n i o r  L e c t u r e r  i n Food S c i e n c e  and N u t r i t i o n
TABLE  b.5
QUEEN MARGARET COLLEGE 
RESEARCH PROJECT : MEATS 
( i n  c o m b i n a t i o n  w i t h  ESCA)
P r e l i m i n a r y  T e s t i n g  o f  T a s t e r s
F o u r  t e s t s  a r e  n o r m a l l y  c a r r i e d  o u t  t o  s e l e c t  t r a d  i t  i o n a 1 t a s t e  
p a n e l  members.  T h e  Meat  sampl es a r e  not  y e t  a v a i l a b l e ,  b u t  I 
s h o u l d  be most  g r a t e f u l  i f  you woul d  c a r r y  o u t  t h e s e  f o u r  t e s t s  
d u r i n g  the week b e g i n n i n g  March 13th a t  one o f  t he t i me s  i n d i c a t e d  
b e l o w.  T h e y  s h o u l d  be c a r r i e d  o u t  i n t he  same o r d e r  as t h e y  
a p p e a r  on t h e  r e c o r d i n g  s h e e t  p r o v i d e d .  A l l o w  y o u r s e l f  a p p r o x ­
i m a t e l y  2 0 - 3 0  m i n u t e s .
I f  you a r e  a s mo k e r ,  do n ot  smoke f o r  a t  l e a s t  h a l f  an hour  
b e f o r e h a n d .  Hands s h o u l d  f i r s t  be washed in t h e  unper f umed 
d e t e r g e n t  p r o v i d e d  in d i s p e n s e r s  in C o l l e g e  c l o a k r o o m s .  Per fumed 
c o s m e t i c s  a r e  be s t  a v o i d e d  t h a t  d a y .  Most  p e o p l e  f i n d  t h a t  
t a k i n g  a s i p  of  w a t e r  between t e s t s  h e l p s  t o  a v o i d  c o n f u s i n g  
t h e  p a l a t e .  F i n a l l y ,  do not  a l l o w  y o u r s e l f  t o  be i n f l u e n c e d  
by t h e  r e a c t i o n s  o f  o t h e r  p a r t i c i p a n t s !
ROOM b23 ( S c i e n c e  D e p a r t m e n t )
on TUESDAY 141h March 9. 15am -  1 . 15 pm.
WEDNESDAY 15th March "  "
THURSDAY 16 t h  March "
FRI DAY 17th March A l l  day
T h a n k  you f o r  y o u r  c o - o p e r a t i o n .
MRS D A PARRY
S e n i o r  L e c t u r e r  i n  Food S c i e n c e  and N u t r i t i o n .
T ABLE b.G
Q U EEN  M A R G A R E T  C O LLEG E
TASTERS WANTED!
Staff and Students of Queen Margaret College have often been involved in 
assessing the eating quality of foods. Volunteers are required to taste 
samples of roast lamb on Wednesdays or Thursdays of weeks 3, 4 and 5 of 
this term (12.15 — 1.30 p.m.). No previous experience is required but it is 
most important that you attend all three tasting sessions.
Please sign the list in the pantry if you would like to take part in this 
important series of tests.
Mrs D A Parry
Department of Science and Dietetics
T AB L E b . l
QMC/ESCA RESEARCH PROJECT 
MEAT T A S T I N G
Dear
I hope t h a t  you w i l l  be a b l e  t o  p a r t i c i p a t e  i n the t a s t i n g  
s e s s i o n ,  d e t a i l s  o f  w h i c h  a r e  g i v e n  be l ow.
T h a n k  you f o r  y o u r  c o - o p e r a t i o n .
Y o u r s  s i n c e r e l y
MRS D A PARRY
S e n i o r  L e c t u r e r  i n Food S c i e n c e  and N u t r i t i o n
Da t e  ..................................................................................................
T  i me s ..................................................................................................
L o c a t i o n  ..........................................................................................
TABLE  k . 8
QMC/ESCA RESEARCH PROJECTS
Re p o r t  on T e s t s  o f  1st  March 1978
1. Number o f  T e s t s  C a r r i e d  Out
J u s t  r i g h t  
T o o  many 




p a r t  i c i p ant s
I I 
I I
T h u s  t o  l i m i t  a t t e n d a n c e  a t  t h i s  s e r i e s  o f  t e s t s  t h e  e x p e r i m e n t a l  
progr amme w i l l  r e ma i n  much t h e  same.
2.  ' G u e s s i n g '  Your  Response
A l w a y s  g i v e  a r e p l y  however  d i f f i c u l t  t h i s  may be.  S c o r e s  
awarded by c h a n c e  a l o n e  a r e  a l l o w e d  f o r  i n  a n a l y s i n g  t h e  d a t a .
3.  S t a n d a r d i s i n g  T a s t i n g  P r o c e d u r e s
T r y  t o  chew sampl es t h o r o u g h l y  and r o l l  them i n t h e  mouth t o  
a c h i e v e  maximum f l a v o u r  p e r c e p t i o n .  D i f f e r e n c e s  or  p r e f e r e n c e s  
a r e  more r e a d i l y  i d e n t i f i e d  i f  t a s t i n g  t e c h n i q u e s  a r e  s t a n d a r d i s e d .
b. T r i a n g l e  T e s t s  -  Aroma
A l w a y s  c a r r y  ou t  t he  t e s t s  on t he t u bes  i n each be aker  a t  t he  
a p p r o p r i a t e  as s e s s me n t  s e c t i o n  set  a s i d e  and n ot  b e s i d e  the 
h e a t e r .
5.  S w a l l o w i n g  Samples
A f t e r  t a s t i n g  a p i e c e  of  meat i t  can be d i s c a r d e d  by t he  use o f
p a p e r  t o w e l s  p r o v i d e d  i f  you w i s h .
6.  C o m p l e t i o n  of  t h i s  S e r i e s  o f  T e s t s
T h e r e  w i l l  be t wo more s e s s i o n s .  T h e  f i r s t  w i l l  be on Mar ch 15th
and t h e  second on Mar ch 22nd.
Once a g a i n ,  t h a n k  you f o r  y o u r  h e l p .
DOREEN A PARRY
Queen M a r g a r e t  C o l l e g e
8 . 3 . 7 8
TABLE  4 .9
QUEEN MARGARET COLLEGE 
QMC/ESCA RESEARCH PROJECTS
MEAT T AS T ERS
RESULTS OF RECENT SERI ES OF T E S T S
T h e  r o a s t e d  j o i n t s  we compared wer e so v e r y  much a l i k e  t h a t :
1. In p a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s ,  
no p r e f e r e n c e  f o r  e i t h e r  b a t c h  o f  sampl es 
was shown.
2.  I d e n t i f i c a t i o n  of  t h e  odd sampl e i n t r i a n g l e  
t e s t s  on t he  b a s i s  o f  f l a v o u r  was d i f f i c u l t  i f  
not  i m p o s s i b l e . 1 T h i s  a g a i n  s u g g e s t s  t h a t  
sampl es were a l mo s t  i d e n t i c a l .
3.  T he  same s i t u a t i o n  a r o s e  w i t h  t h e  t r i a n g l e  
( ar oma)  t e s t s .
I t  i s  e s s e n t i a l  t h e s e  r e s u l t s  -  w h i c h  a r e  e n c o u r a g i n g  t o  lamb 
p r o d u c e r s  -  s h o u l d  be checked by a second s e r i e s  o f  t e s t s .
T h r e e  s e s s i o n s  have been a r r a n g e d  as i n d i c a t e d  b e l ow.
Your  p a r t i c i p a t i o n  i n t he  p r e v i o u s  s e s s i o n s  has been g r e a t l y  
a p p r e c i a t e d .  We hope t h a t  you w i l l  be a b l e  t o  t a ke  p a r t  in 
t h i s  new s e r i e s .  Look ou t  f o r  t he  y e l l o w  n o t i c e s  t o  r emi nd you
DOREEN A PARRY
T o :
Da t e s  T  imes P 1 ace
Wednesday 3 1 s t  May 1 2. 30  -  1 . 30 Bot any  Sout h
Wednesday 7 t h  J u n e  11 "
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T a b l e  5 . ^
READY 
R R 9 F I L E S  
RUN N H 
I N P U T  N > K 
? 7 9  ,  4
L A A L (c) A - 3> ( lws)
T H E  D A T A T A B L E  T O  B E AN  A L Y S E D I S A S
1 b 8 bE X P T 1 7 R T A S T E R S  £ D A e
7 * 4 3 7 7
R * A F F F
1 4 * 4 F 3 5
1 F * ? 1 3 F
3 F * F ? ? 3
3 7  * F 4 7
4 1 * F 3 7 3
4 F * 4 3 4 A
R ? * 3 ? 1 F
R 3 * 7 3 7 3
9 4 * F A 3
R F * ? ? 3 3
R F * F 7 7 7
9 7 * 3 4 F 7
9 Q * 4 3 3 4
1 ? I? * 4 3 3 ?
1 1 4 ?  * F F 3 3
1 c* 3 * 1 4 F F
1 M  * F 4 4 7
1 1 ? * A ? 7 4
111  * 7 ? 4
1 1 7 * A 3 4 ?
1 1 4  * 7 F 4 A
1 1 7  * 3 A F ?
1 1 R * A 4 4 F
1 1 9 * 1 1 1 1
1 ? ? * 4 1 7 7
1 ? 3 * A 1 3 4
1 ? 7  * 3 1 4 3
E AN 4 .  ? 3 .  3 3 .  F 3 .  R
S T a n  .  [ I E V . 1 .  F 1 7 1 1 .  F 1 .  7
C O L .  1 T O T A L  =  R 7 .  F
C O L .  7 T O T A L  =  ! ~P~T T
C O L .  3 T O T A L  =  F T
C O L .  4 T O T A L  =  7 4 .  F
C H |  R S Q U A R E  =  8 . 1 *  ( >  Y- 2 6  J< *  $  ¿ f )
Table  5 . 5
T A S T E *7 G 4 M P L  E
11 * =t - Q 4 ‘ !
s * s 5 6 6
14 * 4 t>
i j
-  * * i 1 •? -
7 6 * j 2
■*5 3
t  7 * ¿, c 4 c
4 1 * r ?
-*5
4 3 * 4 \ 4 *4
n *; * 1 ? 1
0 1 . 7 7
/
4 •4 o u ->
T S  *
■) “Z-
T«-, * 5 7 7 7
1 7  *
▼ 4 1
- ) - >  « J
T 4
1 11 * 3 7
1 “ ; V 3
* U
r
1 7  1  * j 4
L -
1 1 1 * j 4“1
111 * 4 - 4.
1 1 ?  * _ - 3
1 1 ;  * £
t
1 1 7  *
,4 C
1 1 '  * 5 4 L
1 1 ?  - 1 1 1
i
1 ?  * 1 4.
7
1 "






C 0 L J  * li T C T A L  
7 F 5 I  A M
171 ? 0 1 n A 11 
4 . 0  ■ _ • - • -*
. ;•* s : . » a t e  = 3 .1  N = 7 S AND *
S I G N  T E S T  ( G I N <j vi ; l  ) •:  . n i  f :  c a s :  £ l e v *
C ^ P A ’ T I G N 1 - T A I L  2 - T - I  L
A VS  P
v s  c
a *“H « J
3 .  n h 4 7 7 .  3 ■* ?  4 
: ] o 7 ?Q 3 . 3 6 3 ?  
7 . 1 4 3 1  0 . 3 5 6 3
D VS C 
3 VS  D
j . ^ 5 1 7  3 . 5 3 3 4  
0 . 3 1 2 3  3 . 4 2 4 4
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T AB L E  5.  7 Sample of  Forms used by ESCA 2H S t u d e n t s  f o r  S c o r i n g
Meat  Samples Cooked t o  I n t e r n a l  T e m p e r a t u r e s  70O/ 7 5 ° C ( L )  
and 80°C H
S c o r i n g  Sampl es o f  Meat
A p p e a r a n c e ,  f l a v o u r  and t e x t u r e  o f  meats a r e  i n f l u e n c e d  by c o o k i n g  
p r o c e d u r e s .  T h e s e  lamb sampl es have been cooked s i m u l t a n e o u s l y  a t  
177°C on t he same oven s h e l f .
You a r e  p r e s e n t e d  w i t h  t h e s e  sampl es o f  lamb cooked t o  i n t e r n a l  
t e m p e r a t u r e s  o f  75°C and 80°C.  S c o r e  t h e  t e n d e r n e s s ,  j u i c i n e s s  
and f l a v o u r  of  each sampl e as i n d i c a t e d  b e l o w.  I n s e r t  each s c o r e  
in t he  a p p r o p r i a t e  box.
Sc or e T e n d e r n e s s J u  i c i ne s s F 1a v o u r
1 v e r y  t e n d e r v e r y  j u i c y v e r y  good
3 t e n d e r j u i c y good
5
m o d e r a t e l y  
t e n d e r
m o d e r a t e l y  
j  u i cy
m o d e r a t e l y  
good
7 t oug h d r y p oor
9 v e r y  t oug h v e r y  d r y v e r y  poor
SAMPLES:
L H
T e n d e r n e s s
J u  i c i n e s s
F l a v o u r
TABLE  6.1
*LIST T3A
010 BARLEY * SUEDE * GIGOT FNSC + IMAC 9,10.78
020 22
030 280 561 363 324 178 201 861
040 281 682 363 251 178 855 861
050 282 682 363 324 956 725 634
060 283 682 363 324 178 855 861
070 284 561 363 251 178 725 412
080 285 561 363 324 178 201 861
090 286 561 363 324 178 855 634
100 287 561 145 324 956 725 861
110 288 682 145 324 178 855 412
120 289 682 145 324 956 855 634
130 290 561 145 324 178 855 412
140 291 682 363 324 178 725 634
150 292 561 145 251 956 855 412
160 293 561 145 251 178 855 634
170 294 682 145 324 178 855 634
180 296 561 145 324 956 725 412
190 297 561 145 324 178 855 412
200 298 561 145 251 178 855 634
210 299 561 3 63 251 178 725 861
220 300 682 363 324 178 855 634
230 301 561 363 251 178 201 861
240 303 561 145 324 178 855 634
>144 818 382 221 779 275 189 213
> 432 119 382 221 141 237 516 918
> 432 818 945 954 141 488 516 918
>791 556 945 195 141 488 516 918
>791 556 945 221 779 237 736 918
>144 119 538 221 141 237 736 213
>791 119 945 221 141 237 189 213
>144 119 382 954 141 488 189 532
> 144 119 382 954 141 488 189 532
>432 556 382 954 141 488 736 532
>432 119 382 954 141 488 189 532
>791 556 538 954 141 275 516 918
>432 556 945 r ) ' ~ } i 141 237 516 213
>432 556 382 954 141 488 189 532
>791 556 538 221 779 237 189 213
>144 818 538 0>0 0>0 0
>432 818 382 954 141 488 189 213
>791 556 945 954 426 275 516 918
>144 818 538 221 141 488 516 918
> 144 119 538 221 426 275 516 918
>791 119 538 091 141 275 189 918
>432 556 538 195 426 488 516 532
BARLEY * SWEDE * GIGOT FNSC + IMAC 9.10*78
RESPONSE PATTERN TASTING
0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 1 0 1 0 0
1 0 0 1 1 0 0 1 0 1 0 0 0 1 0 0 1 0 0 1
1 0 0 1 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0 0
1 0 0 1 0 1 0 1 0 1 0 0 0 1 1 0 0 0 1 0
0 1 0 1 1 0 0 1 0 0 1 0 1 0 1 0 0 0 1 0
0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0 1
0 1 0 1 0 1 0 1 0 1 0 1 0 0 1 0 0 0 0 1
0 1 1 0 0 1 1 0 0 0 1 0 0 1 0 1 0 0 0 1
1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 1
1 0 1 0 0 1 1 0 0 1 0 1 0 0 0 0 1 0 1 0
0 1 1 0 0 1 0 1 0 1 0 0 1 0 0 0 1 0 0 1
1 0 0 1 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 0
0 1 1 0 1 0 1 0 0 1 0 0 1 0 0 0 1 0 1 0
0 1 1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 1 0
1 0 1 0 0 1 0 1 0 1 0 1 0 0 1 0 0 0 1 0
0 1 1 0 0 1 1 0 0 0 1 0 1 0 0 1 0 1 0 0
0 1 1 0 0 1 0 1 0 1 0 0 1 0 0 0 1 1 0 0
0 1 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 0 1 0
0 1 0 1 1 0 0 1 0 0 1 0 0 1 0 1 0 1 0 0
1 0 0 1 0 1 0 1 0 1 0 1 0 0 0 1 0 0 0 1
0 1 0 1 1 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1
0 1 1 0 0 1 0 1 0 1 0 1 0 0 0 0 1 0 1 0
8 14 11 11 7 15 5 17 3 13 6 9 6 7 7 7 8 5 9 8
RESPONSE PATTERN SNIFFING
0 1 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0
0 1 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 1
1 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 1
1 0 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 1
1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1
0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 1 0
1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0
0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0
0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0
0 1 0 1 0 0 0 0 1 0 1 0 0 1 0 1 0 0
0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0
0 0 1 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1
1 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 1 0
0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0
0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 1 0
0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0
1 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 1
0 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1
0 0 1 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1
0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 1 0 0
6 8 8 10 r > 10 4 3 15 7 10 5 10 3 9 7 6 9
T A B L E  6 . 2























PAIRED COMPARISON PREFERENCE DISTRIBUTION
A C T U A L  F R E Q . 0 2  8 9 9
E X P E C T E D  F R E Q 1.4 5.5 0 . 3 5.5 1.4
C H I  S Q U A R E -  7.76
T R I A N G L E  T E S T T A S T I N G
P R E F E R E N C E S 0  1 9 3 4
0 0  0 0 0  0
1 0  2 0 0  0
1:'. *2 O 1 2 0
0 6 3 0 0
4 0 2 1 0 0
T O T A L 2 13 [b 2 0
E X P E C T E D 4.3 8.7 6.5 9  9
C H I  SQUAR E =  4.04
T R I A N G L E  T E S T O D O U R  D E T E C T I O N P R E C O O K I N G  F A T S
P R E F E R E N C E S 0 1 2 3
0 0 0 0 0
1 0 1 1 0
9 2 1 5 0
3 1 4 3 1
4 0 0 9 1
T O T A L 3 6 1 1 2
E X P E C T E D 6.5 9.8 4 . 9 .8
C H I  S Q U A R E  =  12.72
T R I A N G L E  T E S T ODOUR D E T E C T I O N P O S T - - C O O K I N G  F A T
P R E F E R E N C E S 0 1 9 3
0 0 0 0 0
1 2 0 0 C i
9 3 4 1 0
3 2 3 1 3
4 1 2 0 0
7  O V A L . 8 9 9 3
EXPECTED 6.5 9.8 4 . 9 . 8
TA BLE  6 .3
QMC/ESCA RESEARCH PROJECTS 
ASSESSMENT OF LAMB FLAVOUR
T e s t s  may be c a r r i e d  ou t  in any o r d e r  but  make s u r e  t h a t  you have 
c o mp l e t e d  them a l l .  T a k e  a s h o r t  b r e a k  between t e s t s  i f  you f i n d  
y o u r  senses becomi ng f a t i g u e d .  S i p s  of  w a t e r  c l e a r  t h e  p a l a t e .
T E S T  1 ~ P a i r e d  C o mp a r i s on  ( P r e f e r e n c e )  -  F l a v o u r
D e c i d e  w h i c h  sampl e o f  each p a i r  you p r e f e r  on t he  b a s i s  o f  i t s  
f l a v o u r . Recor d  y o u r  p r e f e r e n c e  by a t i c k  i n t h e  t a b l e  bel ow.  
Repeat  f o r  e ach o f  t he  t h r e e  r e m a i n i n g  p a i r s .
( R e t a s t i n g  i s  a l l o w e d  but  t o o  much r e t a s t i n g  may be c o n f u s i n g )
1st P a i r 2nd P a i r 3 r d  P a i r Ath P a i r
682 363 251 178
561 1A5 324 956
T E S T  2 -  T r i a n g l e  T e s t s  -  F l a v o u r
T h r e e  sampl es  o f  lamb a r e  p r o v i d e d .  Of the t h r e e  s a m p l e s ,  two ar e  
i d e n t i c a l  and t he  t h i r d  is d i f f e r e n t .  I d e n t i f y  t he  odd sampl e on 
t h e  b a s i s  of  i t s  f 1a v o u r . Recor d  y o u r  d e c i s i o n  by a t i c k  in t he  
t a b l e  b e l o w .  Re p ea t  f o r  t he  second b a t c h  o f  t h r e e  s a mp l e s .
1st  Batch 2nd Bat ch 3r d  Batch Ath Bat ch
201 634 791 818
725 861 432 119
855 412 144 556
T E S T  3 ~ T r i a n g l e  T e s t s  -  Aroma
Each of  t h e  s i x  be a k e r s  c o n t a i n s  t h r e e  t u b e s .  T wo t u b e s  c o n t a i n
i d e n t i c a l  s a mp l e s .  T h e  t h i r d  c o n t a i n s  a d i f f e r e n t  ( odd)  sa mp l e .
I d e n t i f y  t h e  odd sampl e on t h e  b a s i s  o f  i t s  ar oma.  Recor d  y o u r
d e c i s i o n  by a t i c k  i n t he  t a b l e  be l ow.
( T h e /
2.
( T he  b e a k e r s  s h o u l d  be t r a n s f e r r e d  t o  t he  a sse ssme nt  s e c t i o n ,  Remove 
t h e  s t o p p e r  f r om one of  t he  t u b e s .  S n i f f  c o n t e n t s  g e n t l y .  R e p l a c e  
s t o p p e r .  A s s e s s  o t h e r  two t u b e s ) .






A 35b 426 1 237 189 532
945 195 141 I 488 516 918
382 221 779 275 736 213
COMMENTS:
NAME: DATE:
TABLE  8. 1
QUEEN MARGARET COLLEGE
LAMB T R I A L S  1978
T o :  P r o f e s s o r  J H D P r e s c o t t
Fr om:  Mrs D A P a r r y
D a t e :  2 7 t h  November  1978
S u b j e c t :  Lamb T r i a l s  1978 -  F l a v o u r  P r o f i l e  A n a l y s e s
7 . 1 1 . 7 8  Gr a s s  Fed Sampl es 388 ( L o i n  LHS)
Rape Fed Sampl es 194 ( "  "  )
1124 ( "  "  )
(Code 112)
R e p o r t  by Mrs M P Woods -  F l a v o u r  P r o f i l e s  o f  388 ,  194 and 112
1. D i f f e r e n c e s  do e x i s t  between t h e  t h r e e  s a mp l e s .  In o r d e r
of  q u a l i t y  ( i . e .  a c o m b i n a t i o n  o f  f l a v o u r  t e x t u r e  and 
a f t e r t a s t e ) .  194 ( R ) , 388 ( G ) , 112 ( R ) .  Ho we v e r ,  i t  
is p o s s i b l e  t h a t  u n t r a i n e d  t a s t e r s  woul d n o t  be a b l e  t o  
d i f f e r e n t i a t e .  T h i s  i s  p a r t i c u l a r l y  so on c o n s i d e r a t i o n  
o f  the f a c t  t h a t  F l a v o u r  P r o f i l e  A n a l y s i s  i n c l u d e s  an aroma 
as s e s s me nt  and t e x t u r e  p l a y s  a l a r g e  p a r t  in i n f l u e n c i n g  
t h e  p r o f i l e  ( see n o t e  a t  e n d ) .
2.  Sample 388 (G)  d e m o n s t r a t e s  an ' a l i e n '  aroma d e s c r i b e d  as
cheesey /st al e  m i l k  p o we r / p e r f u me d?
3.  Sample 194 (R)  d e m o n s t r a t e s  a c e r e a l  aroma.
k. Both sampl es 112 (R)  and 388 (G)  d e m o n s t r a t e  m o u t h f e e l  e f f e c t s
n o t  p r e s e n t  in 194,  e . g .  m o u t h p r i c k l e , t h r o a t  c a t c h i n g  -  
t h e s e  d e t r a c t  f rom a r o m a t i c  d e t e c t i o n .
5.  Sample 112 (R)  d e m o n s t r a t e s  a s l o w  r e l e a s e  o f  f l a v o u r
v o l a t i l e s  due p o s s i b l y  t o  i t s  more f i b r o u s  chewy and l e s s  
s o f t  t e x t u r e .
6.  In t e x t u r e  t er ms 194 (R)  and 388 (G)  122 (R)  ( B u t  388 (G)
more v a r  i a b l e ) .
F i n a l /
F i n a l  O b s e r v a t i o n
In s p i t e  of  t h e  c e r e a l  n o t e  i n t h e  aroma s a mp l e ,  19^ (R)  d e m o n s t r a t e s  
a more u n i f o r m l y  s o f t  t e x t u r e .  I t  is more j u i c y  and has no a d v e r s e  
m o u t h f e e l  e f f e c t s .  T h e s e  f a c t s  a r e  c o n s i s t e n t  w i t h  a p r o d u c t  w i t h  
more meat  i d e n t i t y  l e a v i n g  a c l e a n  f e e l  t o  t h e  mout h.
NB T e x t u r e  c a n n o t  be i g n o r e d  i n f l a v o u r  p r o f i l e  as s e s s me n t  as t h e  
t e x t u r e  e . g .  amount  o f  c hewi ng n e c e s s a r y  a f f e c t s  t h e  r a t e  o f  r e l e a s e  
o f  v o l a t i l e s  and t h e  o r d e r  of  a p p e a r a n c e .  As lamb is u s u a l l y  consumed 
as a hot  d i s h  some ass e s s me nt  o f  t he p r o d u c t s  a t  a h i g h e r  t e m p e r a t u r e  
woul d  be d e s i r a b l e .
TABLE  8.1 (C o n td )
1 5 . 1 1 . 7 8  Gr a s s  Fed Sample 388 ( G i g o t  LHS)  Code 625
Rape Fed Samples 19^ ( "  "  ) Code 559
112A ( 11 "  ) Code 7^2
R e p o r t  by Mrs M P Woods -  F l a v o u r  P r o f i l e s  o f  6 2 5 ,  559 and I k l
Once a g a i n  d i f f e r e n c e s  between t he  sampl es wer e  e v i d e n t  a l t h o u g h  t h e y  
wer e more d i f f i c u l t  t o  d e s c r i b e  than p r e v i o u s l y .  T h e  t e x t u r e  
d o mi n a t e d  i n t h a t  i t  a f f e c t e d  r e l e a s e  of  v o l a t i l e s  and i n t h i s  g r o u p  
o f  sampl es  i t  was f e l t  t h a t  t h e r e  was v a r i a t i o n  l i t e r a l l y  f rom b i t e  t o  
bi  t e .
T h e  mai n  p o i n t s  e me r g i n g  w e r e :
L a t e  meat i d e n t i t y  -  chewy bouncy  t e x t u r e  
-  aged meat?
Roa s t e d  meat  i d e n t i t y
/ S i m i l a r  t e x t u r e
M o u t h f e e l  o f f  n o t e  i n f l a v o u r
N o r m a l l y  f l a v o u r  p r o f i l e  a n a l y s i s  woul d  be c a r r i e d  ou t  a f t e r  s i g n i f i c a n t  
d i f f e r e n c e s  between p r o d u c t s  had been d e t e r m i n e d  s t a t i s t i c a l l y .  In a 
p r o d u c t  such as meat  t h e  p r o f i l e  changes w i t h  each b i t e  and 2 p r o f i l e s  
c o m b i n e ,  i . e .  t h a t  a s s o c i a t e d  w i t h  a r o m a t i c s  and p r i m a r y  t a s t e s  and 
t h a t  a s s o c i a t e d  w i t h  t e x t u r e ,  but  t he  l a t t e r  i n f l u e n c e s  t h e  f o r m e r .
I t  v i e w  o f  t he  o b v i o u s  v a r i a t i o n s  between m o u t h f u l s ,  i t  i s  f e l t  t h a t  






t h e  d i f f e r e n c e s  f ound by p r o f i l i n g  may o n l y  be o f  a c ade mi c  i n t e r e s t  
as a l l  t h e  sampl es wo u l d  come i n t o  t h e  a c c e p t a b l e  c a t e g o r y  and no 
one d i f f e r e n c e  i n any p r o d u c t  was d o mi n e n t  enough t o  p i n p o i n t  t he  
sampl e c o m p l e t e l y .
I t  s h o u l d  be n o t e d  t h a t  d i s c u s s i o n  on t he s e s s i o n s  and r e p o r t s  
between DAP and t h e  t a s t e r s  have y e t  t o  t a k e  p l a c e .
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D e t a i l s  o f  F o r a g e  Cr ops
1. T h e  D e s i g n  of  t h e  E x p e r i m e n t  f o r  the P r o d u c t i o n  of  S t o r e  Lambs
TABLE  9 .3
1 9 7 7 - 7 8 .
Syst em Oct  - D e c Dec - Mar
1 Rape Swedes
2 1 1 Cabbages
3 1 1 Y e l l o w  T u r n  i ps
b 1 1 B a r l e y  ( i n d o o r s )
5 D u t c h  T u r n i p Swedes
6 1 1 Cabbages
7 1 1 Y e l l o w  T u r n  i ps
8 1 1 B a r l e y  ( i n d o o r s )
9 Gr a s s  a f t e r m a t h s Swedes
10 1 1 Cabbages
11 1 1 Ye 11ow T u r n  i ps
12 1 1 B a r l e y  ( I n d o o r s )
A sma l l  s u p p l e me n t  o f  whol e  b a r l e y  ( 1 3 5 g ) was i n t r o d u c e d  on 2b. 1 1 . 7 7 .  
For  g r o u p s  g r a z i n g  swedes,  cabbages and y e l l o w  t u r n i p s  t h i s  s u pp l e me nt  
was g r a d u a l l y  i n c r e a s e d  as i n d i c a t e d  i n C h a p t e r  9.
2.  D e t a i l s  of  t h e  Cr ops 1977
T he  r ape ( B r a s s i c a  napus c v .  L a i r )  and s t u b b l e  ( D u t c h )  t u r n i p s  
( B r a s s i c a  c a m p e s t r i s  c v .  C i v a s t o )  wer e sown as c a t c h  c r o p s  f o l l o w i n g  a 
g r a s s  c r o p  ( w h i c h  had been c o n v e r t e d  t o  s i l a g e )  d u r i n g  J u l y .  As not ed 
a b o v e ,  t h e y  wer e  g r a z e d  by g r o u p s  a l o n g  w i t h  g r a s s  a f t e r m a t h s  f r om 
O c t o b e r  t o  December .  T o t a l  c r o p  d r y  m a t t e r  (DM) y i e l d  was 2 0- 3 0 % 
h i g h e r  f rom t he  D u t c h  w h i t e  t u r n i p s .
T h e  mai n  c r o p s  were w i n t e r  Swedes ( B r a s s i c a  napa c v . W i l h e l m s -  
b u r g e r  and Doon M a j o r ) ,  Cabbages ( B r a s s i c a  o l e r a c e a  c v .  C e l t i c  and 
Langend i j  k 3 )  and Y e l l o w  T u r n i p s  ( B r a s s i c a  r apa c v . Abe r d ee n  y e l l o w s )  
w h i c h  wer e g r a z e d  f rom December  t o  Ma r ch .  A f o u r t h  g r o u p  was a l s o  
f ed/
fed w h o l e  b a r l e y  i n d o o r s  at  t h i s  t i m e .  S t o c k i n g  r a t e  was a d j u s t e d  
w i t h  a f i x e d  DM a l l o w a n c e  p e r  a n i mal  f o r  t he  e x p e c t e d  p e r i o d  of  
g r a z i n g  ( 0 . 0 3 5  Kg DM p e r  Kg l i v e w e i g h t  p e r  d a y ) .  S t r i p  g r a z i n g  was 
p r a c t  i s e d .
A t  t h e  same t i m e ,  l u c e r n e  e s t a b l i s h e d  in 1976 was h a r v e s t e d  t h r e e  
t i me s  in 1977.  T h e  f i r s t  t w o  c u t s  wer e used f o r  c o mp a r i s o n  w i t h  g r a s s  
s i l a g e  i n v o l v i n g  m e t a b o l i s m  s t u d i e s  w i t h  w e t h e r  lambs.  D e t a i l s  o f  
t h e s e  two s i l a g e s  ar e shown in A p p e n d i x  T a b l e  9 - 2 .  P a l a t a b i l i t y  
s t u d i e s  wer e c a r r i e d  ou t  on w e t h e r s  f r om t h e s e  t wo r e g i me s  d u r i n g  1978 
when a second c o mp a r i s o n  of  w e t h e r  lambs f ed t h e  same v a r i e t y  o f  r ape 
( B r a s s i c a  napa c v .  L a i r )  w i t h  g r a s s  f ed lambs was a l s o  made.  D e t a i l s  
o f  t he  b a r l e y  s u p p l e m e n t a t i o n  of  t he  s i l a g e  f ed lambs a r e  g i v e n  in 
C h a p t e r  9.  No s u p p l e me n t  was g i v e n  t o  t he  g r a s s  and r ape f ed w e t h e r s  
p r e s  1a u g h t e  r .
3.  Mean We i g h t s  of  Lambs as Sol d  (Kg)
Rape 36.  1
Du t c h  T u r n  i ps 3 8 . 9
A f t e r m a t h s  3 6 . 6
Swedes 4 1 . 7
Cabbages 4 1 . 3
Ye 1 low T u r n  i ps 4 1 . 3
B a r l e y  4 2 . 0
4.  L i v e  Wei ght  G a i n s  ( g / d a y )
Rape 110
D u t c h  T u r n i p s  151
A f t e r m a t h s  82
Swedes 74
Cabbages 71
Ye 1 low T u r n  i ps  68
B a r l e y  83*
*Lambs l o s t  w e i g h t  o v e r  i n i t i a l  a d j u s t  p e r i o d  f r om f o r a g e s  o n t o  
b a r l e y .  From J a n u a r y  17th t o  7 t h  March 1978 g r o w t h  r a t e  became 
16 5 g / d a y .
TAB L E S .k
C a r c a s s  We i g h t s  of  Lambs Used i n the T r i a l s
F e e d i n g  Regime C a r c a s s  No. We i g h t  ( k g ) S l a u g h t e r  Dat e
G r a s s 388 18. 5 6.  12. 77
1 1 1240 17. 5 1 1
1 1 893 16. 5 1 1
1 1 914 16. 0 1 1
Rape 902 16. 5 1 1
1 1 1124 18. 5 1 1
1 1 1464 15. 5 1 1
1 1 194 18. 5 1 1
S t u b b l e  T u r n i  ps 1361 18. 0 1 1
1 1 384 17. 0 1 1
1 1 436 15. 5 1 1
1 1 1337/1366 19. 5 1 1
T u r n i p 1458 2 0 . 0 1 2 . 2 . 7 8
1 1 1462 2 0 . 0 1 1
1 1 1165 16. 5 1 1
1 1 1255 18. 0 1 1
Bar  l ey 54 22.  5 1 2 . 2 . 7 8
1 1 1548 19. 0 1 1
1 1 454 16. 5 1 1
1 1 107 2 0 . 0 1 1
Cabbages 9 ^ 1/ 9 7 0 2 3 . 0 4. 3 . 7 8
1 1 1150 2 3 . 0 1 1
1 1 1160 2 0 . 5 i 1
1 1 586 2 1 . 5 1 1
Swedes 550 2 5 . 0 4 . 3 . 7 8
1 1 364 2 1 . 0 1 1
1 1 365 2 2 . 5 1 i
1 1 888 2 5 . 5 1 1
Whol e B a r l e y * 1060 17. 25 4 . 5 . 7 8
1 1 651 16. 25 1 1
1 1 970 19. 5 1 1
1 1 390 18. 0 1 1
G r a s s * * /
G r a s s * * 555 18. 6 20.  1 1
1 1 1310 18. 3 1 1
1 1
787 18. 6 1 1
1 1
569 17. 7 1 1
1 1 90 17. 2 1 1
1 1
975 18. 0 1 1
Rape** W15 3 18. 4 1 1
1 1 W138 18. 3 1 1
1 1 382 17. 7 1 1
1 1 1468 18. 3 1 1
G r a s s  S i l a g e * * 466 16. 9 8 . 1 .
1 1 974 18. 7 1 1
1 1
95 16. 3 1 1
1 1 447 17. 7 1 1
L u c e r n e  S i l a g e * * 325 19. 4 1 1
1 1 361 16. 9 1 1
1 1 48 18. 6 1 1
469 17. 9 1 1
S u f f o l k  x D o r s e t / F i n n  f e ma l e s  
C h a p t e r  7.
Used i n t r i a l s  d e s c r i b e d
* E s t i m a t e d  on b a s i s of  4 6 - 4 7 ^ of  s l a u g h t e r  w e i g h t . ( J .
F i t z S i m o n s  r ecomme ndat i on  f o r lambs o f  t h i s  t y p e ) T h e s e
lambs wer e  s o l d  t o FMC. O n l y the j o i n t s  r e q u i r e d wer e
we i g h e d .
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A c ’ n  o v: 1 e a ge rr. e nt s
future Experimental Programmes
ETTRODUCTIOIT
The first two experiments described in this report were carried out in the 
form of a pilot study to assess the feasibility of carrying out research 
projects jointly between staff of Queen Margaret College and the Edinburgh 
School of Agriculture. Samples of body fat of pigs fed with differing 
levels of defatted herring meal were already available for use in prelinina 
trials. A s  it is already known that the use of fish meal in the feeding of 
pigs may cause fishy taints in the carcass it was hoped that the defatting 
the h e r r i n g  could avoid this problem. Initial tests indicated that sample 
collection and storage -techniques required modification. Satisfactory 
procedures were however devised.
Since the olfactory sense is of greater significance then taste in flavour 
assessment, it was decided to make a preliminary comparison of the aroma 
of the body fat of test and control animals. Since it has n o w  been 
established that statistically significant differences exist, an appraisal 
of future experimental programmes is n ow required. Ethically, it is of 
importance to establish that toxicity tests have been carried out if panel 
members are to be required to make extensive sensory evaluations of flavour 
The design of experiments will be simplified in the future since it appears 
taints are not transferred from one sample to another during cooking.
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SlMiARY
The effects of immediate pre-slaughter feeding of defatted herring meal 
on the body fat of pigs have been studied. To allow rapid detection of 
possible taints, triangle tests were used. Testers, mainly second and 
fourth yean student dietitians, were asked to assess headed samples of 
fats from test and control animals. Results indicate that of the nine 
test samples, eight shewed statistically significant differences from 
the controls. Triangle tests indicate only that differences exist: 
further experiments are required to determine the nature of these differences. 
An additional preliminary study suggested that transfer of volatiles 
between meat samples cooked simultaneously is unlikely to cause difficulty 
in taste panel evaluations.
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METHODOLOGY 0? TEC PILOT STUDY
P re 1 i m in ?r?~ Exoe r i me n t s
As a preliminary to the pilot study, samples of body fat from some of the 
test animals were used to determine the feasibility of carrying out odour 
description tests. Samples had "been obtained from the midline of the 
inguinal region of the hot carcass and subsequently frozen. Objectionable 
taints and extremely rapid onset of rancidity made it clear that alternative 
s ampling techniques were essential. In subsequent tests, the use of samples 
of body fat from cold carcasses in the brisket region of the midline were 
considered to be satisfactory for the purposes of sensory evaluation.
Allocation of Test and Control Samples
Samples of body fart from nine'test animals and nine controls were available. 
Assessments were carried out during two successive weeks. On the first 
occasion, test samples were compared with purchased pork fat end on the 
second with samples from the control animals.
The key to the samples is given below:
T es t
Sample
Code C o n tro l
Sample
Cede
T e s te d  10.6.75' 1 21 OH )
2 210  H ) Pur uhased
3 E17E ) P nrk
4 E18H ) F at
5 E19H )
T e s te d  2 / . 6 .75 5 E19H 5 E0942H
2p.6.75 6 E56E cU E9482E
7 E5?H 7 I/DE9349H
8 E58H 8 E9351E
9 E59H Qy E92/1H
It will be noted that, in most cases, samples were allocated numbers which 
corresponded with original codings.
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Selection and Design of Testing Teohnicrues
At this stage, since it was necessary' to establish only if there we re 
differences "between test and control samples, triangle testing techniques 
were used. In this type of test, testers are presented with three samples 
two ox which a.re identical and the third different. Testers are required 
only to identify the odd sample. Ideally, to avoid subject bias, six 
presentations should be made for assessment : ABA, BAA, AAB, BAB, A B B  and 
BBA, where A  and B represent control and test samples respectively. Thus 
to assess only the first five samples, 90 sample tubes would have been 
required.
Because this was considered to be an unrealistic number of sample tubes to 
be presented to testers on a single occasion and, that at the high level
of dietary supplementation used, there was a, reasonable possibility that taints
might be present, the experiment was restricted to presentations ABA, BAA end 
AA B  where A and B, as previously indicated, were control and test samples 
respectively. A specimen of the forms used to record testers' assessments
is included as an Appendix to this report.
It will be noted that it is necessary to ensure that sample B  is presented as 
P, A or Z on an equal number of occasions and that the allocation of the 
three presentations of each test sample is made at random. The design of 
the experiment in each of the t e s ting sessions is indicated overleaf:
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2 and 6 BAA P A <7 X  ¿ X L J 13
ABA PAZ 12
AAB PAZ 7




AAB PAZ 6 t
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5 and 9 ¿UBhi-u PAZ 0 i






where E = t e s t  sample A = c o n t r o l  sample
It will "be noted that test sample 5 was used twice. This allowed the design of 
the experiment to he trie same at each of the weekly testing: sessions and some 
check on the accuracy of the procedure to he m a d e .
Testing Procedures
Two sets of 45 clean, dry boiling t u b e s  containing small samples of fat were 
prepared as indicated in the table above. Tubes were covered tightly with 
a luminium foil which was replaced as often as was required during' the t e s ting 
sessions. Each set of three tubes, labelled P , A aid Z was transierred mo 
250 ml bearer containing 100 ml water. The fifteen beakers were immersed in 




T e s t e r s  were r e q u e s te d  t o  r e f r a i n  f r o n  smoking l o r  a t  l e a s t  30 m inu tes  
p r e v io u s  t o  th e  e x p e r im e n ts ,  t o  a v o id  th e  use  of perfumed c o s m e t ic s ,  to  
wash hands th o ro u g h ly  in  unperfumed d e t e r g e n t  l i q u i d  end to  a s s e s s  samples 
in  "batches t o  av o id  se n so ry  f a x ig u e .  The im portance  o f  a l lo w in g  b e a v e rs  
a s s e s s e d  by p re v io u s  t e s t e r s  t o  become re h e a te d  s u f f i c i e n t l y  t o  a l lo w  th e  
r e l e a s e  o f  v o l á t i l e s  vías a l s o  s t r e s s e d .  They were r e q u e s te d  t o  a s s e s s  t h e  
sam ples a t  th e  a p p r o p r i a t e  t e s t  s t a t i o n  where r e c o r d in g  forms were a v a i l a b l e  
A f t e r  c o m p le t io n ,  th e  form s ’were l e f t  f a c e  down a t  t h e  s t a t i o n .  Each o f  t h  
a sse s sm e n t  form s was named so t h a t ,  in  f u t u r e  e x p e r im e n ts ,  i t  would be 
p o s s i b l e  t o  i d e n t i f y  th o s e  w ith  l i t t l e  a p t i t u d e  f o r  such  t e s t i n g  p ro c e d u re s  
and th u s  a v o id  t h e i r  s e l e c t i o n  a s  t e s t e r s .
I t  w i l l  be a p p r e c i a t e d  t h a t  a lm ost a l l  th e  t e s t e r s  were c o m p le te ly  u n t r e i n e d  
and in e x p e r ie n c e d  and were n o t  s e l e c t e d  in  any way o th e r  th e n  b e in g  a v a i l a b l  
a t  th e  t im e  of th e  t e s t i n g  s e s s i o n s ,  ilo d e t a i l s  had been g iven  a s  t o  th e  
n a t u r e  o f  any d i f f e r e n c e s  which m ight be p r e d i c t e d .
On th e  f i r s t  o c c a s io n ,  th e  t e s t s  were d u p l i c a t e d  in  a d j o i n i n g  rooms and on 
th e  second on two d i f f e r e n t  days .
RESULTS 0E T HE PILOT ¿3TLUÍ
1-----------------—-------------
WEEK Of oAEPLE COLE HO.of TEdTHEO CORRECT AHLV.TI:  ̂ \
15. b . 7 5 1 E1 OH 53
i
AC Íi
ii 2 H16H 65
1
35
ii 3 S 17K 86 55
ii 4 E1oH Or; 42
ii 5 E19H 89 51
2 3 . 6.75 5
oT-^ I ̂ -1 73 50
11 6 E5ÓE 75 • 34
11 7 25 7 H 7A ¿ 2
ti 8 Ep Sr; 78 40
it 9 —1— 0  —upgu 76 ¿5
L
The number o f  a s s e s s o r s  f o r  each sample i s  n o t  always t h e  same. On o c c a s io n s  
when th e  t e s t e r  recorded, " d o n ’t  know" th e  form was d i s c a r d e d  s in c e  t h i s  i s  
an i n v a l i d  r e s p o n s e .  In  a d d i t io n ,  th e  b ase  of some o f  th e  tu b e s  f r a c t u r e d  
which meant t h a t  th e  group of t h r e e  was no lo n g e r  a v a i l a b l e  f o r  t e s t  p u rp o se s .
Of t h e  45 t e s t e r s ,  o n ly  n in e  p a r t i c i p a t e d  in  b o th  s e s s i o n s .  Two t e s t e r s  
i d e n t i f i e d  B c o r r e c t l y  on a l l  o c c a s io n s  end 23 made th e  c o r r e c t  i d e n t i f i c a t i o n  
on more th a n  p0/!> o f  th e  p r e s e n t a t i o n s .  I t  i s  o f  co u rse  a p p r e c i a t e d  t h a t  
33£r/’; o f  t h e  s e l e c t i o n s  would be c o r r e c t  on th e  b a s i s  of chance a lo n e .
N e v e r th e le s s ,  s in c e  th e  a c t u a l  number o f  t e s t e r s  i s  l a r g e ,  t h e s e  r e s u l t s  
s u g g e s t  t h a t  some t a i n t  o f  body f a t  o f  th e  t e s t  an im a ls  i s  o c c u r r in g .
STATISTICAL EVALUATION of RESULTS
2
In  d i f f e r e n c e  t e s t s ,  t h e  c h i - s q u a r e  ) d i s t r i b u t i o n  i s  u sed  to  t e s t  now
w e l l  an o bserved  f re q u e n c e  c o r re s p o n d s  w ith  a t h e o r e t i c a l  d i s t r i b u t i o n .
In  t r i a n g l e  t e s t s ,  in v o lv in g  one d eg ree  o f  freedom , X   ̂ i s  a d j u s t e d  
a s  f o l lo w s :
idi. X 2 D  NluEELuff
In th e  t r i a n g l e  t e s t ,  where two o f  th e  t h r e e  sam ples  a r e  known to  be a l i k e  
end th e  t h i r d  d i f f e r e n t ,  th e  p r o b a b i l i t y  i s  -g th e  odd sample w i l l  be chosen
r\
a lo n e ,  t h e  v a lu e  o f  i s  c a l c u l a t e d  from th e  e x p r e s s io n :
\  2 = £ ( |  xi -  2 X 2 |  -  3 ) 2J  / 8  n
where X1 = number of o p in io n s  f a v o u ra b le  t o  sample 1
X2 = number o f  o p in io n s  f a v o u ra b le  t o  sample 2
n = t o t a l  number o f  t r i a l s
I f  t h e  c a l c u l a t e d  v a lu e  o f \ ^  exceeds t h e  s i g n i f i c a n c e  v a lu e  a t  any s i g n i f i c a n c e  
l e v e l  i t  may be conc lu d ed  t h a t  observed  and t h e o r e t i c a l  d i s t r i b u t i o n s  do no t
a g r e e .  T ab le s  which have been p rep a red *  have been used  t o  a s s e s s  th e  s i g n i f i c a n c e
of t h e  t a b u l a t e d  r e s u l t s  o f  th e  p i l o t  s tu d ; ' .
* A f t e r  K o e s s le r ,  b a r re n  and Guymm, food R esearch  1_3 p03-p p u b l i sh e d
in  P r i n c i p l e s  of Sensory  E v a lu a t io n  o f  food .  Arnerine, Pengborn and R o e s s le r ,  
Academic P r e s s ,  pp p26 -7 .
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e s t a b l i s h  
d i f f  e r e n t
o r r e c t  jud- 
s i g n i f i c a :  
i a t i  o n .
-e.r.ents tc
SA.-iPLH CODE
J c .  of 
T e s t e r s
COPuPJCCT
ANSWERS P =  0.05 P =  0.01 P =  0.0C1
STATISTICAL
DIFFERENCE
1 E10H 83 40 37 39 42 HS
2 E16H 85 35 37 40 43 -
3 E17H 86 55 38 40 44 VHS
4 E16H 89 42 39 42 45 ES
5 E19H 89 51 39 42 45 Vn3
5 E19H 73 50 33 35 -> C VHS
r
O E55H 73 34 34 36 39 S
7i E57H 74 42 33 36 J ' J VUS
6 Ep oh 78 40 35 37 40 v h s
q E59H 76 45 3h 36 39 u lio
0- ¡-.I CHI :• I  O h  . 07. 0: J l j  in _
Of th e  n in e  t e s t  sam ples ,  on ly  one d id no t d i f f e r  s i g n i f i e : m t l y  from th e
c o n t r o l . Of th e  rema-ining e ig h t  t e s t sam ples, one showed a* s t  a t  i  s t i c a l l y
s i g n i f i c a n t  d i f f e r e n c e  from th e  c o n t r o l  a t  th e  P = 0 .05  l e v e l  ( s ) ,  two a t  
th e  P = 0.01 l e v e l  (Ho) and f i v e  a t  th e  P = 0.001 l e v e l  (VKS), where 0, HO 
and VHo i n d i c a t e  s i g n i f i c a n t ,  h ig h ly  s i g n i f i c a n t  and v e ry  h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  r e s p e c t i v e l y .
In t h e  ca se  o f  sample 5» v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  were o b ta in e d  
0:1 "both o c c a s io n s  i t  was t e s t e d  i n d i c a t i n g  t h a t  th e  t e s t i n g  p ro ced u re  had 
been s a t i s f a c t o r y .
Go n e In s io n s
R e s u l t s  a c h ie v e d  in  t h i s  p i l o t  s tu d y  i n d i c a t e  t h a t  t h e r e  a r e  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  in  th e  aroma of th e  sam ples of body f a t  from th e  t e s t  
and c o n t r o l  an im a ls  used  in  t h i s  ex p er im en t .
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TRANSJEEP. 0? V0IATILS3 DURING THE COOKING 0?  I.IEATS
Methodology
S ince  k ip p e r s  and g a r l i c  a re  w e l l  r e c o g n ise d  f o r  t h e i r  c h a r a c t e r i s t i c  and 
e x tre m e ly  pungent arom as, i t  was c o n s id e re d  t h a t  t h e r e  would he a p o s s i b i l i t y  
t h a t ,  i f  th e y  were in c o rp o r a te d  i n t o  meat sam ples ,  t h a t  c o n ta m in a t in g  v o l a t i l e s  
m ight he t r a n s f e r r e d  to  o th e r ,  and b la n d e r ,  meats w i th  which th e y  were cooked 
s im u l ta n e o u s ly .  h 'inced f i l l e t e d  pork  was u sed  to  p re p a re  t h r e e  c o n t r o l  
sam ples .  Pour t e s t  samples were a l s o  p re p a re d  a s  i n d i c a t e d .  No s e a s o n in g  
was u sed  in  any o f  th e  p r e p a r a t i o n s .  Seven i d e n t i c a l  m in ia tu r e  l o a f  t i n s  were 
used  in  th e  e x p e r im e n t .  The f i r s t  and second c o n t r o l  samples were p re p a re d  
in  th e  same way hu t  t h e  t h i r d  had aluminium f o i l  p r o j e c t i n g  above th e  t i n  f o r  
a p p ro x im a te ly  80 mm. The t e s t  samples were p re p a re d  as  i n d i c a t e d .  21 o f o i l
was u sed .
SAMPLE Tin OE SEE VA T 1 0-1S
C o n tro l  1 
"  2 
"  3
No f o i l  100 g minced pork  
No f o i l  100 g minced pork 
With f o i l  100 g minced pork
T est 1
i t  2
3
" 4
50 g minced pork  + 50 g minced k ip p e r  
100 g minced k ip p e r
100 g  minced pork + 2 c lo v e s  c ru sh e d  g a r l i c  
100 g minced pork  + 1 c lo v e  c ru sh e d  g a r l i c
A l l  seven  sam ples were cooked s im u l ta n e o u s ly  on th e  same s h e l f  of a p r e h e a te d  
e l e c t r i c  oven ( 205° c )  u n t i l  each had a t t a i n e d  an i n t e r n a l  te m p e ra tu re  o f  a t  
l e a s t  85°G.
T e s t  sam ples were th e n  d i s c a r d e d .
C o n tro l  sam ples 1 and 3 were t a s t e d  ho t and co ld  by DAP and MPV; who had s c o re d  
28/30  and 1 3 /14  r e s p e c t i v e l y  in  th e  p re v io u s  ex p er im en t .
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Results
I t  was n o te d  t h a t  d e s p i t e  m incing  and m ixing , t h e  t h r e e  c o n t r o l  samples 
d i f f e r e d  s l i g h t l y  in  f l a v o u r  b o th  ho t and c o ld .  In c o n t r o l  sample 1 ,
1 t a s t e r  (DAP) d e t e c t e d  a  v e ry  s l i g h t  k ip p e r  t a i n t  when th e  sample was h o t .  
T h is  t a s t e r  a s s e s s e d  th e  samples in  th e  o rd e r  3, 2 , 1 , w hereas  th e  second 
t a s t e r  (kPU) a s s e s s e d  th e  samples in  r e v e r s e  o r d e r .  No k ip p e r  t a i n t  m s  
d e t e c t e d  by e i t h e r  t a s t e r  when th e  sam ples were c o ld .
Both  t a s t e r s  d e t e c t e d  a  v e ry  s l i g h t  g a r l i c  t a i n t  in  c o n t r o l  sample 3 when 
c o ld .
C o n c lu s io n s
A f te r  d i s c u s s i o n ,  i t  was conc luded  t h a t  th e  t a i n t s  were so minim al t h a t  
th e y  would be u n l i k e l y  t o  be d e t e c t e d  by t a s t e r s  unaware t h a t  g a r l i c  an; 
k ip p e r  had  been used  a s  a so u rce  of v o l a t i l e s .
Hence, in  f u t u r e  e x p e r im e n ts ,  i t  would ap p e a r  u n l i k e l y  t h a t  sam ples coc. 
s im u l ta n e o u s ly  would e x e r t  s i g n i f i c a n t  e f f e c t s  on each o th e r  and ths  
some v e ry  u n ex p ec ted  r e s u l t s  were t o  be a c h ie v e d ,  i t  would seem u n n e c e ssa ry  to  
make a l low ance  f o r  p o s s i b l e  t r a n s f e r  of v o l a t i l e s  betw een sam ples .
AcJaaov~ledmeme.it s
The i n t e r e s t ,  a s s i s t a n c e  and co—o p e ra t io n  o f  th e  f o l lo w in g  peop le  i s  
ac 'm owiedged w ith  g r a t i t u d e :
S tu d en t  d i e t i t i a n s  and o th e r  t e s t e r s  from guee.i k a rg '  r e t  C o lleg e
corr.uory t e c n n : - " r e t  C e l le -
i f f  o f  t h e  Edinburgh School of A g r ic u l tu r e .
N ature  Expo rim  en t  a 1 Programmi e
S u b je c t  t o  d i s c u s s i o n s ,  t h i s  might in v o lv e :
1 F ee d in g  lov;er l e v e l s  of d i e t a r y  d e f a t t e d  h e r r i n g  meal u n t i l  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  body f a t  c o u ld  be 
d e t e c t e d .
U sing  t e s t  and c o n t r o l  sam ples of f a t s  in  th e  p r e p a r a t i o n  o f  meat 
p ro d u c ts  such as meat le a v e s  rad  sau sag es  to  d e te rm in e  i f  th e  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  aron? of th e  f a t s  
e x e r t e d  e f f e c t s  in  a p r a c t i c a l  s i t u a t i o n .
3 A s s e s s in g  r o a s te d  meats — ho t and c o ld  — from c o n t r o l  and t e s t  
ail ima I s  of com parable  age end sex  cooked t o  c o n s t  an t i n t e r n a l  
t e m p e r a tu r e :  J o i n t s  f o r  r o a s t i n g  would re r ru ire  t c  be as  f a r  as
p o s s i b l e  m atched: p o s s i b ly  p re p a re d  by th e  C a rca ss  D is s e c t i o n  U n it .
Cuts from d i f f e r e n t  a r e a s  shou ld  be a s s e s s e d  s in c e  a cc u m u la tio n  o f  
t :  i n t  may d i f f e r  from one are", t o  a n o th e r .
I t  would be o f  i n t e r e s t  t o  know i f  fe e d  c o n v e rs io n  r a t i o s ,  grovrth  c u rv e s  
and food  in ta k e  a re  com parable  f o r  t e s t  and c o n t r o l  a n im a ls .
S ince  th e  p ro c e d u re s  in  t h i s  p i l o t  s tu d y  ap p e a r  t o  be f e a s i b l e ,  th e  use  o f  
more s o p h i s t i c a t e d  a p p a r a tu s  would be o f  a s s i s t a n c e  in  t h e  f u t u r e .  I t  i s  
a l s o  hoped t h a t  i t  would be p o s s i b l e  t o  s e l e c t  and t r a i n  group? o f  s t a f f  and 
s tu d e n t s  a s  members of t a s t e  p a n e ls  in o rd e r  to  a c h ie v e  r e s u l t s  o f  s a t i s f a c t o r y  
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T HE SENSORY/ORGANOLEPTIC APPR A I S A L  ON NE'-?,- 
BY THE U3E ON TRIANGLE TE3T3
Of th e  t h r e e  samples marked P, A end Z two a re  i d e n t i c a l  th e  t h i r d  i s  
d i f f e r e n t .  P le a s e  i d e n t i f y  t h e  odd one _____________________
APPENDIX I I
QUEEN KAPGAiiET COLLEGE 
RESEARCH PROJECT 
THE SENSORY/ORGANOLPETIC APPRAIOAL OF ME ATE 
B Y  TOE USE OP TRIANGLE TEGTS
Of the three samples marked P, A and Z t v  
are identical the third is different.
Please identify the odd c u e : - .......... ..
Indicate by a tick whether you think the odd 





Testers were requested to avoid odour fatigue by making appraisals 
at intervals and to observe Panel Discipline procedures.
IV
Introduction
On farm handling and 
feeding methods
From: Proceedings o f  the Tarry Research Station Sym posium  on Fish Silage,
Aberdeen, 1976.
EVALUATION FOR ON FARM USE OF DE-OILED HERRING SILAGE 
AS A PROTEIN FEED FOR GROWING PIGS 
G.M. Hillyer, D.G. Peers, and R. Morrison with D.A. Parry and M.P. Woods
The Edinburgh School o f Agriculture and Queen Margaret College, 
Edinburgh.
Balance trials have indicated tha t de-oiled acidified herring silage is o f high 
nutritive value for growing pigs. The following investigations were carried 
out to  evaluate the use o f this product as a diet ingredient for growing pigs 
under commercial conditions. The investigations come under three general 
headings, namely on-farm handling and feeding m ethods, feeding trials with 
carcase classification and studies on the odour and flavour o f the meat.
It is recognised that fish silage could be handled in liquid feeding systems 
with only m inor adjustm ents being necessary to  existing systems. Sedimen­
tation tests have been carried out in the laboratory and a tendency towards 
sedim entation has been noted with the de-oiled product. This has also been 
noted in bulk storage on farms. M easurements taken after four weeks show 
a gradient in dry m atter content from the bottom  to  the top o f  the liquid, 
but the material was readily agitated to  its original hom ogeneous condition. 
When left unagitated in bulk containers for a period o f four m onths, a 
distinct deterioration had occurred with obvious signs o f ferm entation and 
therefore a more limited period o f storage is necessary. Given these lim ita­
tions, the main ‘on farm ’ test for quality control and diet form ulation would 
be a dry m atter determ ination. The use o f a hydrom eter for a quick dry 
m atter determ ination may have possibilities.
Although liquid feeding systems for pigs would seem to present no m ajor 
problem s, the m ajority o f growing and finishing pigs are fed w ith dry diets 
and therefore dry mixing and distribution feeding equipm ent has also been 
tested to  determine its suitability for handling silage containing diets o f 60% 
dry m atter.
A num ber o f feedmixers have been tested and none have proved satisfactory. 
Fountain and vertical type mixers in com m on use have proved unsuitable for 
mixing diets with a dry m atter conten t o f 80% or less. Propionic acid and 
molasses applicators have also been tested w ithout success in their current 
design.
Dry feed distribution equipm ent has been tested but bridging and clogging o f 
diets with diets o f dry m atter o f 70% occurs in feed hoppers and feed dispen­
sers. It is concluded that the incorporation o f fish silage as an ingredient into 
dry diets would not allow satisfactory mixing and distribution with current 
equipm ent.
However, fish silage alone or with water could be distributed separately into 
troughs and allow the pigs to mix the diet during normal eating. This system 





Diets. Previous results o f chemical analyses and balance trials had suggested 
that the dry m atter o f the herring silage would be slightly superior to  tha t of 
white fish meal. However in the commercial situation soya bean meal rather 
than fish meal would normally be used as the main supplem entary source of 
protein for growing pigs. In feeding trials therefore diets containing herring 
silage at a medium (MS) diet and high level (HS diet) o f inclusion level, 75 kg 
and 150 kg per tonne dry m atter (DM) respectively were com pared with 
diets based on soya bean meal and form ulated to  contain equivalent levels of 
total lysine (diets MC and HC). The medium inclusion level was considered 
to  be suitable for commercial use and the high inclusion level was adopted to 
highlight any possible effects o f the fish silage on the odour and flavour of 
the pig fat. The com position o f the diets is shown in Table 1.
Table 1
Composition o f diets (kg/tonne DM)
High lysine Medium lysine
Control Silage Control Silage
(HC) (HS) (MC) (MS)
De-oiled herring silage - 150 - 75
Soya bean meal 288 - 147 -
Barley meal 679 842 818 902
Limestone 5 5 6 5
Dicalcium phosphate 25 - 26 15
Vit. mineral mix * 3 3 3 3
* C oopers  N u tr i t io n  P roduc ts  (P ro d u c t  N o . 10TE)
Water was added to  all diets to  bring them  to  the same dry m atter conten t of 
600 kg/tonne.
Five batches o f de-oiled herring silage were received during the investigation 
and the variation between these batches is shown in Table 2.
Table 2
Variation in chemical composition between batches 
 __________________ of de-oiled herring silage_________________________
Mean Range
Dry m atter (g/kg) 221 202 ■ 267
pH 3.7 3.6 - 3.9
Composition o f dry matter (g/kg)
Nitrogen 105 92 ■ 118
Crude protein (N x 6.25) 656 575 ■ 738
Ether extract 42.0 29.3 - 50.0*
Ash 164 153 -• 171
^Samples ^  50 g e th e r  ex trac t /k g  were rejected.
Dry m atter, nitrogen and fat were the m ost variable and these variations 




The chemical analysis o f the four diets is given in Table 3. 
Table 3
Chemical composition o f diets (kg/tonne DM)
Diet HC HS MC MS
Digestible energy (MJ/kg DM)* 14.9 14.9 14.5 14.5
Crude protein (N x 6.25) 219 191 164 148
Lysine 12.5 12.7 8.5 8.6
M ethionine & cystine* 7.0 7.5 5.7 5.9
Crude fibre 51 46 51 49
Ether extract 18 25 20 23
Ash 77 57 67 60
Calcium 10 11 10 11
Phosphorus 9 9 9 9
■“Calculated values from  individual ingredients.
The analysis confirmed that the diets containing herring silage to have similar 
levels of energy and lysine to their respective control soya diets. The lower 
lysine concentration in soya bean meal accounted for the higher crude pro­
tein content in the control diets HC and MC.
Rations. All pigs were fed to a time based scale. Pigs were in troduced to 
either treatm ent or control diets on Mondays and fed at a level o f 1.1 kg 
DM/pig/day. No palatability problem s were experienced w ith any o f the 
diets. All pigs were weighed individually on Tuesdays and Wednesdays o f the 
same week giving a mean starting weight and then the time based feeding 
scale introduced on the Thursday and changed every successive Thursday 
regardless o f pig weights. The scale is shown in Table 4.
Table 4
Feeding scale 






6 + weeks 2.22
Animals. In stage I of the investigation pigs were grown from  30 to  60 kg 
liveweight. Sixteen pigs per pen selected at random  but balanced for sex 
(8 females and 8 castrates) were allocated to  either treatm ent to  control diets. 
Three replicates were completed involving 48 pigs per treatm ent and 192 
pigs in total. The pigs were slaughtered when weighing approxim ately 60 kg 
liveweight and the results are shown in Table 5.
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IV
Commercial On farm trial 
(Commercial unit)
Studies on the Odour and 
Flavour o f the Meat
Table 5
Diet
HS HC MS MC SE
Diff
Sign
Growth rate (g/day) 683 535 690 522 ± 2 2 * * *
Killing out % 69.9 70.1 70.8 70.5 ±0 .65 NS
Probe Pj + P3 (mm) 24.1 26.0 26.2 24.2 ± 1 .8 NS
Feed conversion 2.5 3.8 2.4 3.3 ± 0 .36 *
efficiency (DM)
Grow th rates o f pigs fed fish silage diets were significantly higher (P > .001) 
than either o f the control diets and feed conversion efficiency o f pigs fed 
fish silage diets was also significantly better (P > .0 5 ) . No significant differ­
ences were found in any o f the o ther param eters m easured between killing at 
percentage, probe measurem ents or between sexes. No carcase o f pigs fed 
either the treatm ent or control diets were down graded by MLC classifi­
cation.
In stage II o f the investigation pigs were grown from  30 to  90 kg liveweight. 
Twelve pigs per pen selected at random  but balanced for sex (6 females and 
6 castrates) were allocated to  either treatm ent or control diets. Three repli­
cates involving 36 pigs per treatm ent and 144 pigs in to ta l were used. The 
results from this stage are currently being analysed.
A further feeding trial was carried out on a commercial unit where 320 pigs 
were grown from 40 to 87 kg liveweight approxim ately. The com position of 
the diet fed on a dry m atter basis was 5% fish silage, 5% soya meal, 90% 
barley together with a vitamin and mineral mix. The mean daily liveweight 
gain for all pigs was 570 g/day, and the FMC cu tter pig carcase classification 
gave results o f 80% Grade A, 15% Grade B and 5% Grade C. These grading 
results were typical o f all pigs slaughtered from  this unit over the same 
period, bu t fed a conventional barley, soya diet.
Carcase quality. No pigs on any o f their feeding trials have so far been down 
graded by MLC carcase classification.
Fat and jo in t samples taken from the carcases o f treated and control pigs are 
undergoing sensory evaluation.
A fter preliminary trials which validated the accuracy o f the technique, 
triangle tests were used to determ ine if differences in the arom a of the body 
fat of treated and control animals could be detected. Fat from 10 animals at 
each o f the two treatm ent levels was compared w ith fat from appropriate 
controls. Statistically significant differences have been detected in some of 




Aroma of pig fat - Sensory triangular tests
No. Total Testers (125) Selected Testers (44)
Pairs Comparisons Percent o f Comparisons Percent o f
of sign. samples sign. samples
samples different correctly different correctly
identified identified
H S v H C  10 4 43 8 60
M SvM C  10 5 46 8 60
The results including all Testers showed four and five o f the paired com­
parisons o f fat aroma to  be significantly different for the HS v HC and MS v 
MC respectively. The results from Selected Testers on their aptitude for 
sensory evaluation tests, found eight o f bo th  10 paired fat comparisons to  
be significantly different in aroma.
It should be emphasised that, although of statistical significance, such 
differences neither equate with ‘ta in t’ nor imply lack o f acceptability to  the 
consumer. An ongoing programme o f paired comparison (preference) tests is 
at present being carried out on meats (cooked under standard conditions) 
from carcases o f treated and control animals to  determ ine if  observed 
differences in body fat aroma are reflected in loss o f palability.
C row n copyrigh t reserved 
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T r i a l s  of  a D i e t  C o n t a i n i n g  G r a i n  D i s t i l l e r s  Sp e n t  Wash f o r  P i g s  
D A P a r r y  ( U n p u b l i s h e d  1977)
As i n d i c a t e d  i n t h e  Annu al  R e p o r t  of  t he  E a s t  o f  S c o t l a n d  C o l l e g e
of  A g r i c u l t u r e  ( 1 9 7 9 ) ,  t h e  a u t h o r  c a r r i e d  ou t  p a l a t a b i l i t y  s t u d i e s
u s i n g  t he  m e t h o d o l o g y  of  t h e  D e o i l e d  H e r r i n g  S i l a g e  t r i a l s .  J o i n t s
f rom e i g h t  p i g s  on t he  t e s t  d i e t  wer e compared w i t h  e i g h t  mat ched
c o n t r o l s  in May 1977.  T r i a n g l e  t e s t s  wer e  c a r r i e d  o u t  on raw and
cooked f a t t y  t i s s u e .  P a i r e d  c o mp a r i s o n  ( p r e f e r e n c e )  t e s t s  wer e
used t o  a s s e s s  l ean t i s s u e  a f t e r  p o r k  l o i n s ^ h a d  been r o a s t e d  t o  an
i n t e r n a l  t e m p e r a t u r e  o f  8 7 . 5 ° C  a t  an oven t e m p e r a t u r e  of  177°C.  When
c o l d ,  meats wer e s l i c e d ,  v i s i b l e  f a t  removed and s l i c e s  c o v e r t e d  t o  
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u n i f o r m  10mm p o r t i o n s  f o r  p r e s e n t a t i o n  t o  t a s t e r s .  T a s t e r s  were 
r e q u e s t e d  t o  i n d i c a t e  p r e f e r e n c e  on t he b a s i s  of  f l a v o u r .  R e s u l t s  
of  t e s t s  a r e  i n d i c a t e d  be l ow.
T r i a n g l e  T e s t s  : Aroma of  Raw and Cooked F a t t y  T i s s u e
T r i a n g l e  T e s t s  -  Aroma of  Raw F a t t y  T i s s u e
T r i a l  T o t a l  Responses C o r r e c t  I d e n t i f i c a t i o n s  S t a t  i s t  i ca 1
S i gn i f  i cance
1 17 8 NS
2 18 10 p <0 . 05
3 18 16 NS
A 18 8 NS
5 1A 1A p<0. 001
6 15 1A p <0 . 001
7 15 5 NS
8 15 8 NS
T r i a n g l e /
^Lumbar v e r t e b r a e  10-13.
T r i a n g l e  T e s t s  -  Aroma o f  Cooked F a t t y  T i s s u e
T r i a l  T o t a l  Responses C o r r e c t  I d e n t i f i c a t i o n s  S t a t i s t i c a l
S i gn i f  i c ance
1 21 8 NS
2 21 6 NS
3 21 6 NS
k 22 k NS
5 28 19 p <0 . 0 01
6 29 10 NS
7 30 9 NS
8 30 12 NS
L e v e l s  of  s t a t i s t i c a l  s i g n i f i c a n c e  were d e r i v e d  f r om A p p e n d i x  T a b l e  
E ( A m e r i n e  e t  al  1 9 6 5 ) .
T h u s ,  w h i l s t  s t a t  i s t  i cal ly si gn i f  ¡cant d i f f e r e n c e s  were d e m o n s t r a t e d  
i n t he  aroma of  raw f a t  f r o m t h r e e  of  t he  e i g h t  t e s t  s a m p l e s ,  i n o n l y  
one t r i a l  d i d  t h i s  d i f f e r e n c e  p e r s i s t  a f t e r  c o o k i n g .  In t h i s  t r i a l  
( T r i a l  5)  t h e  number  of  c o r r e c t  i d e n t i f i c a t i o n s  i n t h e  t r i a n g l e  t e s t s  
was so h i g h  as t o  i n d i c a t e  t h a t  f a c t o r s  o t h e r  t han d i e t  may have 
c o n t r i b u t e d  t o  d i f f e r e n c e  in aroma of  f a t  f rom t e s t  and mat ched 
c o n t r o l  a n i m a l s .  As can be seen f r om t h e  r e s u l t s  o f  p a i r e d  
c o m p a r i s o n s ,  t h i s  d i f f e r e n c e  i n aroma was not  r e f l e c t e d  i n f l a v o u r  
p r e f e r e n c e .
P a i r e d  Co mp a r i s o n  ( P r e f e r e n c e )  T e s t s  : F l a v o u r
T r i a l  T o t a l  Responses P r e f e r e n c e  f o r  T e s t  S t a t  i s t  i c a 1
Sample S i gn i f  i c ance
1 17 9 NS
2 17 11 NS
3 17 10 NS
k 17 6 NS
5 23 12 NS
6 23 13 NS
7 23 17 p < 0 . 05
8 23 17 p < 0 . 0 5
T h u s /
T h u s  e x c e p t  i n  t he  f o u r t h  t r i a l ,  t h e  f l a v o u r  of  j o i n t s  f r om p i g s  
on t he  t e s t  f e e d i n g  r e g i me  was p r e f e r r e d  t o  t h o s e  f r om mat ched c o n t r o l s .  
Two of  t h e s e  p r e f e r e n c e s  wer e of  s t a t i s t i c a l  s i g n i f i c a n c e .
Cone 1 us i ons
A l t h o u g h  o n l y  e i g h t  c o m p a r i s o n s  were made i t  seems l i k e l y  t h a t  
t h e  i n c l u s i o n  o f  g r a i n  d i s t i l l e r s  s p en t  wash in t he d i e t  of  p i g s  i s 
b e n e f i c i a l  r a t h e r  t han d e t r i m e n t a l  t o  t he  f l a v o u r  of  r o a s t e d  l o i n s  
f r o m t h e s e  a n i m a l s .  D i f f e r e n c e s  i n aroma of  raw f a t t y  t i s s u e  in 
t h r e e  a n i m a l s  p e r s i s t e d  a f t e r  c o o k i n g  on o n l y  one o c c a s i o n .  Aroma 
d i f f e r e n c e s  had no i n f l u e n c e  on f l a v o u r  p r e f e r e n c e s .  On t h e  b a s i s  
o f  t h e s e  t r i a l s  t h i s  d i e t a r y  component  can be recommended f o r  i n c l u s i o n  
i n t h e  d i e t  o f  p i g s .
J. Sci. Fd Agric. 1978, 29, 885-894
A Consumer Test o f Bull vs Steer B eef
Peter Baron ,  David  Lesser." Ian Rober tson*,  Doreen  P a r r y , f 
Basil L o w m a n . rf Neil  Scott,'* and  J o h n  Prescott'*
°Department o f Agricultural Marketing. University o f  Sewcastle upon Tyne, ' Royal (Dick) School o f  
Veterinary Studies, University o) Edinburgh, cDepartment o f  Science and Diabetics. Queen Margaret 
College, and '‘East o f Scotland College o f Agriculture
(Manuscript received 6 March 1978)
Previous studies of the acceptability of bull beef have relied on laboratory  panel or 
mechanical tests. This study extends the assessment to a consum er panel who cooked 
and ate the conventionally prepared steaks in their own homes. The test showed 
consumers to distinguish bull steaks as leaner than steer steaks but not to discriminate 
on overall appearance. When it came to eating, however, bull steaks were judged to 
take longer to brown and be less satisfactory in terms o f  flavour, juiciness, tenderness 
and overall eating quality. On tenderness 11 °„ of the sample marked the bull steaks as 
‘well below average'.  These results are sufficiently clear to suggest the need for a test of 
their commercial impact.
1. Introduction
There have in recent years been extensive trials and a considerable increase in the use o f  bull beef. 
The production economies associated with bull beef are now well established.1 It is accepted that 
the beef from bulls is leaner and particularly acceptable to self-service sale.2 There is also a widely 
held belief that bull beef is acceptable to  consumers and some ev idence to support this.1 A trained 
taste panel, however, while finding no major differences in arom a, flavour, tenderness and juiciness, 
did find bull meat to be slightly less tender than steer meat, but nevertheless to be quite acceptable.3 
Similarly R h od es1 reported no significant differences in flavour, juiciness and overall acceptability 
but differences in colour and tenderness in both mechanical tests and trained panel tests with meat 
from young animals. The difference in tenderness has also been confirmed elsewhere.4' 5
Although there is some information based on trained taste panel tests, more direct information 
on consumer acceptability is relatively sparse. In view o f  this and the increasing use o f  bull beef, an 
extensive consum er test was undertaken in conjunction with an investigation on bull beef production 
from suckler herds which was conducted by Robertson and L o w m an 6 in the East o f  Scotland. At 
the outset o f  the study the principal null hypothesis was that there would be no detectable differences 
in the acceptability o f  beef or its eating quality whether it came from bulls o r  steers. R um p and 
sirloin steaks were selected for testing as it was considered that consumers would be most sensitiv e 
to their acceptability in terms o f  both appearance and eating quality.
2. Experimental
2.1. Origin and preparation of the beef
R u m p  and sirloin steaks were taken from bull and steer carcasses, which were obtained from cattle
supplied on four o f  the farms cooperating in the study described in greater detail elsewhere.6 They 
were selected to represent typical carcasses from the the groups of cattle in their investigation. These 
were beef cross calves suckled to 8.5 to 10.5 months of age and finished for slaughter on a variety of 
commercial diets at 14 to  18.5 months o f  age. The production and  rearing methods employed and 
carcasses produced were considered to  be highly representative of local commercial suckler calf
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enterprises. Each bull/steer pair was selected on the same farm o f  origin as being fit for slaughter on 
the same day, and was drawn from the group of cattle in which they had been reared and finished 
as contemporaries. Each pair o f  animals was handled, transported  and slaughtered together in a 
s tandard  manner. They were segregated from other animals when transported  and slaughtered 
immediately on arrival at the abattoir . The distance transported  was between 5 and 20 miles. At 
slaughter there was no dark cutting beef. The physical characteristics o f  the carcasses used in the 
study are shown in Table 1.
T a b l e  1. P h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  c a r c a s s e s  us ed  t o  p r o v i d e  m e a t  f o r  t h e  c o n s u m e r  s t u d i e s
Di s s e c t i o n  d a t a
Te s t Sex Br ee d
A g e  ai 
s l a u g h t e r  
( d a y s )
W e i ght  at  
s l a u g h t e r  
(k g l
Ki l l i ng  o u t  
< \ >
M .I.e. 
c l a s s i f i ca t i on




B o n e  
( “ „1
1 B H X B G 453 1036 5 3 . 2 3 L 64 .  1 1 7 . 0 1 4 . 6
S H X B G 419 870 51 . 0 3 H 5 3 . 9 2 5 . 9 1 4 . 7
1 A B H X B G 453 1010 5 2 . 1 3 L — — —
S H X B G 517 960 5 3 . 7 3 H — — —
2" B H X H c r os s 539 1035 5 4 . 8 2 6 7 . 3 1 5 . 0 1 3 . 8
S H X H  c r os s 538 985 52. 1 4 5 5 . 4 2 6 . 4 1 4 . 2
2 \ " B H X H c r os s 533 1030 53.  1 3 L — — —
S H X H c r os s 538 975 5 2 . 4 3 H — — —
3" B N D X H c r os s 536 1020 5 5 . 2 3 L — — —
S N D X H c r o s s 544 970 5 2 . 6 3 L — — —
3 A" B N D X H c r o s s 542 1020 5 4 . 2 2 72.  1 9 . 8 15.1
S N D X H c r o s s 557 995 55 . 1 2 6 5 . 7 1 6 . 5 1 5 . 0
" S i d e s  u s ed  f o r  t h e  s t a n d a r d i s e d  c o o k i n g  a n d  p a n e l  tests.
H .  H e r e f o r d :  B G .  Bl ue  G r e y :  N D .  N o r t h  D e t o n .
— , N o t  ava i l ab l e .
Conditioning and handling of the pairs of carcasses was standardised. R um p and sirloin jo ints 
were cut from the left side o f  each pair of carcasses at the same lapse o f  time after slaughter,  
following s tandard  commercial cutting procedures. The bone-in jo in ts were immediately transported 
to the Meat Laboratory where they were boned-out and cut into a series of 12.70 mm thick steaks 
numbered in relation to their anatomical location. The steaks were tr immed, if necessary, to a fat 
cover of approximately 15 mm but only a proportion o f  the steer steaks required trimming. The 
steaks were placed, after preparation, in polystyrene trays and covered with film in a conventional 
supermarket form and were promptly delivered to the homes o f  the consumers.
2.2. Cooking and taste panel test
Sirloin roasts  o f  600-1150 g weight were obtained from four o f  the six pairs o f  carcasses (identified 
in Table 1 ") and were used for standardised cooking tests and panel tests for flavour. These sample 
jo ints were sealed in polythene film and stored frozen until required for testing, when they were 
thaw-ed before cooking in an identical manner. They were roasted in tins at an oven temperature of 
163 C to an internal temperature of 74 C. Cooking times, final weights and the weight gain of the 
tins (representing dripping lost from the joint) w'ere recorded to  the nearest gram. The joints were 
carved into slices from which visible fat W'as removed before being presented cold to the tasters. At 
least 50 untrained tasters were used for each paired comparison. Each panelist was offered a pair 
o f  samples on each occasion and asked to express a preference for flavour. The samples were presen­
ted alternately from bull and steer carcasses.
2.3. Consumer tria l: design and procedure
The consum er test o f  the acceptability o f  bull and steer steaks involved the person who normally 
purchased meat for the household receiving the prepacks of steaks and cooking them in the home.
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Each household was given a pair o f  steaks to assess on two successive weekends and two identified 
members of the household were asked to assess the eating quality o f  the steaks on each occasion. 
In the first weekend half the num ber o f  households was given steaks from the bull and the other half 
was given steaks from the steer; in the second weekend each household was given steaks from the 
alternative source. Care was taken to ensure that for each household steaks from the same an a to m i­
cal location were provided each weekend.
There were three sets o f  consum er tests, each with 60 households. The times o f  the three trials 
were: 1 and !A, May 1975; 2 and 2A, February  1976; 3 and 3A. M ay 1976. These tests have each 
been analysed separately but.  because few differences were observed between them, combined re­
sults for the three tests are presented here.
2.4. Selection of consumer sample
For purposes of the consumer test a random  selection of households was draw n from the Electoral 
Roll for four prescribed areas o f  south Edinburgh. These areas were selected to prov ide households 
o f  a range of socio-economic groups. A preliminary visit w>as made to establish their willingness to 
cooperate  and a total o f  179 households were recruited. This sample yielded 162 usable question­
naires from two people in each household; a total sample of 324 consumers comm enting on the 
palatability o f  the steaks. Table 2 illustrates the socio-economic classification o f  households with, 
for comparison, the distribution for Great Britain," and their age dis tribution. It is apparent that 
com pared w ith national figures the sample over-represented categories A and B and  under-represen­
ted categories C 2, D and E. Analysis of the results by socio-economic class has. however, shown 
that this anomaly  in the characteristics o f  the sample did not significantly afTect the results."
T a b l e  2.  S a m p l e  c h a r a c t e r i s t i c s  a n d  s o c i o - e c o n o m i c  c l a s s i f i ca t i o n  o f  h o u s e h o l d s
A
C 1 /  No. 25 
S a m p k \  1 5 . 4
G . b .  2
16-21
N o .  21 
6. 6
B C l C  2
40 41 32
2 4 . 7 2 5 . 3 1 9 . S
10 24 32
A g e  o f  e a t e r s
2 1 - 6 0 Ov er  60 T o t a l
236 60 317
7 4 . 4 1 8 . 9 100
D E T o t a l
IS 6 162
11 .1 3 . 7 1 0 0 . 0
22 9 1 0 0 . 0
2.5. Consumer questionnaire
A questionnaire delivered with the steaks was to be completed by the cook and by two eaters in 
each household. The cooks w'ere asked to rate the steaks on: overall appearance, leanness, colour 
of lean and texture o f  lean, and to state the characteristic used to judge overall quality and comment 
on the appearance o f  the steak. Details o f  cooking method and comments on cooking were sought. 
The two people in the household who ate the steaks were asked to complete  assessments for: overall 
eating quality, flavour, juiciness and tenderness. In addition eaters were asked to state which 
characteristics they considered im portant as influencing overall eating quality  and to com m ent on
" A  leas t  s q u a r e s  a n a l y s i s  o f  c o v a r i a n c e  s h o w s  a  s i gn i f i can t  c l as s  effect  a n d  i n t e r ac t i o n  o f  cl as s  a n d  bul l  s cor e .  
T h e  effect  is. h o w e v e r ,  s l i ght  a n d  still l e aves  a s u b s t a n t i a l  a n d  s i gni f i cant  d i f f e r e nce  b e t w e e n  bul l  a n d  s t ee r  scor es .  
T o  i l l us t r a t e  t h e  s l ight  i m p a c t  o f  t he s e  ef fect s ,  w e i g h t e d  a n d  r a w.  m e a n  a n d  d i f f e r e n c e d  s c o r e s  f o r  t e n d e r n e s s  c a n  be  
e x a m i n e d .
W e i g h t e d  by  G . B .  p r o p o r t i o n s  R a w  p r o p o r t i o n s
S t e e r  T 6 3 }  d i f f e r e n ce  =  0 . 79  ^  j  d i f f e r e nce  =  0.93
I n  view o f  t h i s  s l i ght  i m p a c t  a m o r e  c o m p l e x  a n a l y s i s  s e p a r a t i n g  o u t  t hi s  effect  is n o t  i n c l u d e d .
888 P.  J .  Baron e t al.
the steaks. A five-point rating scale was used for each characteristic and one of these is illustrated 
b e lo w :




□  □  □
Two standards o f  comparison were used. Respondents were asked each week to compare the 
sample steaks with the steak they bought usually. In the second week they were also asked, separate­
ly, to  com pare  the steak with that received the week before. This second method of appraisal 
provided a controlled comparison and counters the objection that , from courtesy, people would 
over-rate something received free.
3. Results
3.1. Cooking and taste panel test
The differences arising on cooking sirloin roasts from four pairs of bulls and steers are shown in 
Table 3. The bull and steer joints attained the same internal tem perature  in a similar cooking time. 
Dripp ing  loss was greater from steer roasts than from bull roasts, but because of the greater volatile 
loss from bull jo in ts the overall weight loss on cooking was similar for both types o f  beef. The 
jo in ts looked similar after roasting, but on slicing the bull beef showed a less complete colour 
change and appeared 'less well-done'. This colour difference shows up clearly on colour photographs 
but no analytical measures w-ere taken. In the panel test of  the eating quality o f  lean slices from the 
roasts, the majority o f  tasters showed a preference for steer beef in terms of flavour. As Table 4 
shows. 62 °„ preferred the steer beef compared w ith 38°,, for the bull beef.
T a b l e  3.  A v e r a g e  c o o k i n g  l i me  a n d  c o o k i n g  losses  f r o m  
bul l  a n d  s i ee r  s i r l o i n  j o i n t s  o n  r o a s t i n g
Bull S t ee r
U n c o o k e d  we i g h t  (g) 9 6 2 . 7 9 1 2 .  1
C o o k i n g  t i me  ( m i n i 1 3 3 . 0 1 3 3 . 0
C o o k i n g  losses  ( o f  wet  we i g h t !
Vol a t i l e 22 2 16 . 8
D r i p p i n g 4 . 6 10.1
T o t a l 2 6 . 8 2 6 . 9
T a b l e  4.  N u m b e r s  o f  t a s t e r s  p r e f e r r i n g  bul l  o r  
s t ee r  r oa s t  s i r l o i n  f o r  f l a v o u r
Bul l  s t ee r  p a i r Bul l S t e e r
2 42 91
2 A 30 40
3 27 39
3 A 29 38
Ov e r a l l 128 (38 ° 0) 208  ( 6 2 ° „ )
X ' - = 1 8 . 6 * * *  o n  4 d f  ( i f  p a i r  2 e x c l u d e d .  x z = 
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3.2. Consumer test
The principal results o f  the consum er test are presented as follows: (a) in terms o f  ra ting  scores 
com pared with steaks usually purchased, (b) as ‘look-back ' comparisons between the steak received 
in the second week and that received in the first, and (c) as differenced scores for the rating o f  bull 
and  steer steaks when com pared with the steak usually purchased.
(a) Comparison with steaks usually purchased  
Appearance
W hen consumers were asked what characteristic they considered most im portan t in assessing the 
quality o f  steaks on the basis o f  appearance, no predom inant feature emerged (Table 5). E xam ina­
tion o f  the scores for appearance (Table 6) show;ed no m ajor differences between bull and steer
T a b l e  5.  C h a r a c t e r i s t i c s  i n f l u e n c i n g  
a s s e s s m e n t  o f  q u a l i t y  o n  a p p e a r a n c e  
( p e r c e n t a g e  o f  162 c o n s u m e r s  c o n ­
s i d e r i n g  t h e  c h a r a c t e r i s t i c  ' m o s t  
i m p o r t a n t ' )
Bul l S t e e r
L e a n n e s s 3 7 . 5 3 0 . 6
C o l o u r  o f  l ean 2 5 . 0 33 . 1
T e x t u r e  o f  l ean 3 6 . 9 3 5 . 0
O t h e r 0 . 6 1 . 2
T a b l e  6. M e a n  s c o r e s  f o r  a p p e a r a n c e  ( c o m p a r i ­
s o n  w i t h  t he  s t eak  us ua l l y  p u r c h a s e d  —  162 
c o n s u m e r s )
Bul l S t e e r
O v e r a ll a p p ea ra n ce 3 . 4 2 3 . 4 4
L e a n n e s s 3 . 5 2 3 . 0 1
C o l o u r  o f  l ean 3 . 3 5 3 . 4 6
T e x t u r e  o f  l ean 3 . 4 9 3 . 5 1
C o m m e n ts  on  a p p ea ra n ce
N o n e 7 7 . 2 7 8 . 4
F a v o u r a b l e 1 3 . 6 1 2 . 3
U n f a v o u r a b l e 9 . 3 9 . 3
steaks except for leanness. F o r  this characteristic.  54%  of respondents rated the bull steaks as above 
or well above average com pared to only 3 0 ° ;  for the steer steaks. There were few comm ents on the 
steaks' appearance, each type receiving roughly the same num ber o f  favourable and unfavourable 
(Table 6). There were no real differences in the method o f  cooking or additives applied to  the bull 
or  steer samples (Table 7). H alf  the steaks were grilled and half were fried. A quarter  o f  the samples 
were cooked with added salt and pepper, 10 % with other additives and 65%  without any additives. 
Com m ents  on cooking, however, revealed a greater num ber o f  unfavourable comments for the 
bull sample as regards the time taken to cook. A typical unfavourable comm ent was ‘it takes longer 
to brown'.
Eating quality
In  judging overall eating quality, flavour and tenderness are almost equally mentioned as the most 
im portan t characteristic (Table 8). In assessing eating quality consumers did differentiate between
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T a b l e  7.  C o o k i n g  m e t h o d s  a n d  c o m m e n t s  
( p e r c e n t a g e  o f  162 c o o k s )
C o o k in g  m e th o d
Gr i l l e d
F r i e d
Bul l  S t e e r
5 0 . 6  5 0 . 6
4 9 . 4  4 9 . 4
Sa l t  a n d  p e p p e r  2 5 . 9  2 4 . 1
O t h e r  1 0 . 5  9 . 9
N o n e  6 3 . 6  6 6 . 0
C o m m e n ts  on c o o k in g
N o n e  6 7 . 3  7 1 . 0
F a v o u r a b l e  1 8 . 5  2 0 . 5
U n f a v o u r a b l e  1 4 . 2  2 . 5
T a b l e  8.  C h a r a c t e r i s t i c s  i n f l u e n c i n g  
a s s e s s m e n t  o f  e a t i n g  q u a l i t y  ( p e r ­
c e n t a g e  o f  324 c o n s u m e r s  c o n s i d e r i n g  
t h e  c h a r a c t e r i s t i c  ' m o s t  i m p o r t a n t ' )
Bul l  S t ee r
F l a v o u r  4 3 . 7  4 6 . 2
J u i c i n e s s  1 2 . 3  9 . 2
T e n d e r n e s s  4 2 . 4  4 3 . 5
O t h e r  1 . 6  0 . 6
bull and steer steaks (Table 9). Steer steaks had higher mean scores for overall eating quality, 
flavour, juiciness, and tenderness. The difference was especially marked for tenderness. In addition, 
more people made unfavourable comments on bull than steer steaks (Table 9) with regard to overall 
eating quality.
(b) Look-back comparison with firs t w eek's steak
The results o f  the look-back comparison are presented in Table 10 and have been analysed 
statistically using the appropria te  chi-square test. This tests the null hypothesis that the scores 
are the same when steer is received in the second week as when bull is received in the second 
week. If  the null hypothesis is accepted respondents detect no real differences in the two types.
T a b l e  9.  M e a n  s co r e s  f o r  e a t i n g  q u a l i t y  c o m p a r e d  
w i t h  s t e a k s  u s u a l l y  p u r c h a s e d  (324 c o n s u m e r s )
Bul l S t ee r
O v e r a ll caring q u a li ty 2 . 9 0 3 ■ 63
F l a v o u r 2 . 9 8 3 . 3 8
J u i c i nes s 3 . 01 3 . 5 0
T e n d e r n e s s 2 . 7 1 3 . 6 4
C o m m e n ts  on caring  q u a li ty
N o n e 6 8 . 0 6 7 . 1
F a v o u r a b l e 1 1 . 3 2 3 . 5
U n f a v o u r a b l e 2 0 . 7 9 . 1
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T a b le  10. Mean look-back  scores fo r  appearance and eating qua l i ty *
Bul l
i s
( S t e e r ) "
St ee r  
i s  
(Bu l l )  '■ X2
Le ve l  o f  
s ign i f i cance
O v e r a l l  a p p e a r a n c e 3 . 3 9 3 . 3 5 1 .81 N. s .
L e a n n e s s 3 . 6 0 2 . 7 4 3 2 . 8 9 * * *
C o l o u r  o f  l ean 3 . 2 0 3 . 3 8 2 . 6 9 N . s .
T e x t u r e  o f  l ean 3 . 0 4 3 . 2 0 3 . 5 2 N . s .
O v e r a l l  e a t i n g  q u a l i t y 2 . 6 3 3 . 7 9 8 7 . 4 0 * * *
F l a v o u r 2 . 9 3 3 . 6 0 3 7 . 2 5 * * *
J u i c i ne s s 2 . 9 2 3 . 51 3 1 . 8 5 ***
T e n d e r n e s s 2 . 3 3 3 . 6 7 1 0 4 . 4 6 ***
" S t e e r  g i \ e n  f i rst  w e e k e n d :  bu l l  s e c o n d .
1 Bul l  g i ve n  first w e e k e n d :  s t e e r  s e c o n d .
* T h e  x’2 s t a t i s t i c  is c a l c u l a t e d  f r o m  t he  n u m b e r  u s i n g  e a c h  s co r e  va l ue .
Examination of the results shows that for appearance, significant differences are obtained only for 
leanness, with bull being considered leaner than steer. Sixty-one per cent o f  respondents claimed 
that bull was leaner than last week's compared with 21 °„ looking back from steer. Eating assess­
ment revealed significant differences for all characteristics: steer was always rated above the bull 
sample. All the look-back scales are consistent w ith the results presented in the previous comparisons 
(Tables 6 and 9).
(c) D ifference scores
The score given by each individual for bull and steer in comparison with the steak usually purchased 
were used to calculate difference scores. The difference calculated was bull score minus steer score. 
Since the basic scores have an approximately normal distribution these can be used in a p a i r e d ' t '  
test of w hether or not there is a significant difference between samples. The possible range o f  values 
is from ' — 4' when steer is rated much superior to bull (steer given score 5. bull scored 1) to 4+  4' 
w'hen bull is rated much superior to  steer (steer scored 1. bull scored 5). The results in Table 1 1 
confirm the evidence presented earlier. Recipients detected bull as leaner than steer and on eating 
rated steer higher than bull, especially for leanness. In general, difference scores were a half point 
higher for leanness, and declined by a half point for flavour and juiciness, a w hole point for tender­
ness. and three-quarters o f  a point for overall eating preference.
T a b l e  1 1 .  D i f f e r e n c e d  s co r e s  in c o m p a r i s o n  w i t h  u s u a l  m e a t  p u r c h a s e d  ( bul l  m i n u s  s t ee r i
A p p e a r a n c e L e a n n e s s
C o l o u r  o f  
l ean
T e x t u r e  o f  
l ean O v e r a l l  a p p e a r a n c e
M e a n  diff. 0 . 4 5 - 0 .  12 - 0 . 0 7 - 0 . 2
Pa i r e d  ' t ‘ 5 . 5 9 * * * 1 . 5 8  N. s . 0 . 8 8  N . s . 0 . 2 5  N. s .
E a t i n g  q u a l i t y F l a v o u r J u i c i nes s T e n d e r n e s s O v e r a l l  e a t i n g  qua l i t y
M e a n  diff. — 0 . 41 - 0 . 4 9 5 - 0 . 9 3 - 0 . 7 3 5
P a i r e d ' t ' 5 . 8 6 * * * 7 . 0 7 * * * 1 2 . 7 0 * * * 11 . 3 1 * * *
4 . Discussion
Somewhat surprisingly in the light of previous research and  popular beliefs, it appears that these 
consumers with the samples o f  meat provided could distinguish bull beef from steer beef. The
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results for appearance suggested that purchasers were unable to detect any marked differences in 
steaks com pared with their normal purchases except for leanness. Fifty-four per cent of the res­
pondents rated bull steaks above average for leanness compared with only 30°,, for steer steaks. In 
their ’look-back ' comparison o f  steaks. 61 °„ o f  consumers assessed their bull steaks leaner than 
their previous steer steaks whereas only 21 °„ assessed their steer steaks as leaner than their previous 
bull steaks.
Both the laboratory  cooking trials and  the household panel suggested that the bull beef took 
longer to brown. U nfortunately  no analytical measures are available to quantify these observations. 
This difference in cooking characteristics has not been reported in previous comparisons o f  bull 
and steer beef. F lavour and tenderness were identified by the consumers as the most im portant 
characteristics influencing their assessment of eating quality. They detected differences between 
bull and steer steaks for flavour, tenderness and juiciness, rating steers superior to  bulls, especially 
in terms o f  tenderness. In overall eating quality 91 ° 0 o f  the consumers rated the steer steaks average 
or above average whereas 61 ° 0 considered the bull steaks were average or above (Table 12). In 
terms o f  tenderness 3 7 ° 0 rated the bull steaks 'below average' and 11 'well above average"; the 
com parab le  p roportions for steer steaks were only II and 2 ° 0. Steer steaks were also generally 
preferred to bull steaks for eating quality when consumers were 'looking back" on the steak they 
had eaten the prev ious week. Relatively few o f  the consumers made specific comm ents on eating 
quality. O f these, however, 21 0„ made unfavourable comm ents on the bull steaks compared with 
9 0,, unfavourable com m ents  on the steer steaks.
T a b l e  12.  P r o p o r t i o n  o f  c o n s u m e r s  r a t i n g  bul l  a n d  s t ee r  s t e a k s  a b o v e  o r  be l o w a v e r a g e  f o r  a p p e a r a n c e  a n d  e a t i n g
q u a l i t y  ( "„I
Bull S t e e r
A v e r a g e Bel ow We l l  be l ow A v e r a g e Bel ow Wel l  be l ow
o r  a b o v e a v e r a g e a v e r a g e o r  a b o v e a v e r a g e a v e r a g e
0 \ e r a l l  a p p e a r a n c e 94 5 1 89 10 1
L e a n n e s s 90 9 1 73 24 3
O n e ral l  e a t i n g  q u a l i t y 61 35 3 91 8 1
F i a \  o u r 67 28 5 83 14 3
J u i c i n e s s 67 30 3 85 13 *>
T e n d e r n e s s 52 37 11 87 11 2
All of the tests (a. b and c) showed that consumers preferred steer steaks to bull as did the tasters 
in a panel test. This suggests that the differences detected in o ther studies by trained panelists are 
sufficient to be noticed by non-selected testers in a conventional household environment.
N o  attempt was made to trim the steaks to identical fatness. This, together with the impossibility 
o f  adjusting intramuscular fat. meant that fatness was confounded with the bull-steer comparison. 
We know of no studies where bull and steer beef o f  equal fatness has been compared. Because this 
was a test based on currently representative production and sales methods the comparison remains 
valid. Moreover, fatness has little or no relationship to tenderness and contributes only slightly to 
juiciness and flavour.9 The differences detected in eating quality are, therefore, a ttributed mainly to 
castration. The slower browning of bull beef might, however, be explained by its lack of fat since 
fat has a greater heat-carrying capacity.
In o rder to examine whether a particular animal was responsible for the lower ratings o f  bull 
steaks, the look-back scores for tenderness were used to detect the individuals who most clearly- 
distinguished bull from steer beef. Tenderness is used since it is widely accepted as the most im por­
tant measure o f  eating quality. Thirty-seven individuals marked the steer steaks as much better 
(score o f  5) than bull when eaten last and 23 individuals marked bull as much worse than steer when 
eaten last. These 60 individuals who discriminated most markedly were isolated in order to check 
which bull they had received.
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Table 13 presents the da ta  on tenderness relating to these 60 individuals. Only one bull and one 
steer was used in each o f  the six weekend tests thus, the da ta  relate to a restricted sample o f  six 
bulls and six steers. Significant differences am ong bulls at the 10“„ level are detected and examination 
o f  Table 13 suggests that these arise principally because o f  the much worse performance of bull 
num ber 3 and a much better performance o f  bull num ber 3A. It would seem, therefore, that 
there may be a difference between indiv idual bulls but this does not invalidate the conclusions 
tha t in general bulls are detected as different from steers, since even in the case o f  the least dis­
tinguished bull (3A ). 8 ° 0 o f  consumers rate it as 'm uch worse" than steer.
T a b l e  13.  N u m b e r  o f  ' m u c h  w o r s e '  s c o r e s  f o r  
e a c h  bul l
T e n d e r n e s s  c o m p a r e d  l o  last  w e e k
N o .  wi t h N o .  wi t h
' m u c h  w o r s e ' o t h e r
Bull s co r e s c o r e
1 6 35
I A 7 42
14 44
2 A 12 40
3 17 43
3 A 4 49
X ~ =  10 .6” o n  df.
Deductions about the commercial relevance of the difference between bulls and steers must be 
limited by the nature o f  the experiment, which set out to establish whether bull steaks could be dis­
tinguished from steer steaks and it has been clearly shown that they can be. A commercial test 
might hav e used a finer gradation o f  scales so as to distinguish the really extreme cases o f  consum er 
dislike, as had been used elsewhere for baco n .s Within the limitations o f  the 5-point scale used, how ­
ever. it is w orth noting that on appearance, only 1 °„ or less scored the bull 'well above average", and 
on the eating scales only 3 or 4°„  but in the case of tenderness 11 ° 0 marked the bull extremely 
unfavourably. Examination of the mean scores for bull and steer samples show that steer scored, 
overall, slightly above the average value of 3 and bulls slightly below the average of 3. The indica­
tion is, therefore, that the sample prov ided to households was, in the case o f  steer, slightly better 
than their usual beef and in the case o f  bull, slightly poorer than their usual beef. Consequently, any 
comparison between weeks, as presented in Tables 10 and 11 would, while providing a more precise 
test, tend to overemphasise the difference found by consumers in comparison to their usual steaks. 
Even so, the difference scores show only 1 °„ or less o f  the sample marking the bull at the ex­
tremely unfavourable score of - 4 .
A final point to be discussed arises because consumers did distinguish clearly the leaner nature of 
bull steaks. It is possible that experience or instruction has taught housewives that fat is desirable in 
better quality steaks. They might, therefore, have been induced to give ‘prestige" answers to questions 
on overall appearance and eating quality. In this experiment it was not possible to resolve such a 
problem unequivocally. There are reasons for suggesting the prestige effect to be slight. Firstly, 
housewives recorded difficulty in browning bull steaks; a feature very unlikely to be associated by 
them with leanness. Secondly, the eating scales were also completed for the most part by husbands, 
presumably without training, w'ho still scored steers preferentially. Finally, even in the 48 households 
scoring both types o f  steak the same for leanness, eating scores revealed a similar ability to distinguish 
bull from steer.
%
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In  general the experiment has supported the evidence that consumers can detect the greater leanness 
o f  bull steaks but this does not seem to have been sufficient to provide a preference on overall 
appearance. When it came to cooking and eating, the results indicated that consumers did detect a 
difference between bull and steer steaks and found that bull took longer to brown and that it was 
less satisfactory in terms of flavour, juiciness and tenderness which led to a lower score on overall 
eating quality. Only on tenderness, however, did the below average judgem ents  reach sizeable 
propor tions and this test, since it did not use a scale with fine gradations, is likely to  have over­
emphasised the proportion  o f  consumers who would reject the bull steak. The fact that untrained 
consumers can detect bull from steer is. nevertheless, an im portant finding and suggests the need for 
further commercial appraisal, preferably involving consumers in a real choice between the meat 
types over several weeks.
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Triangle tests were used to detect possible differences in the arom a o f  subcutaneous 
fat o f  growing pigs receiving de-oiled herring offal silage as a protein supplement at 
high (HS) and medium (MS) levels, i.e. at levels o f  150 and 75 kg t 1 dr> m atter ( DM ). 
when compared with samples from matched controls. Tests were carried out on sam ­
ples from pigs slaughtered at 60 and 90 kg. Statistically significant differences in the 
a rom a o f  subcutaneous fat were detected at both feeding levels (HS and MS) and at 
each slaughter weight (60 and 90 kg). Correct identification o f  the odd samples was 
6 0 °0 in pigs slaughtered at 60 kg at both feeding levels. At 90 kg slaughter weight, 
there were 56 and 7 6 ° 0 correct identifications at HS and MS levels, respectively.
Paired C omparison (Preference) tests were used to determine if such differences were 
associated w ith flav our defects and consequent loss of palatability. Roasted pork jo ints 
and pork rusk loaves from HS and MS pigs were compared with matched controls 
(H C  and MC). As a result o f  these tests it was concluded that detectable differences 
from controls in a rom a o f  subcutaneous fat in samples from HS and MS pigs were 
not associated with alteration in consumer preference for cooked meats. There was 
no evidence o f  taint in meats from either HS or MS groups.
1. Introduction
Feeding trials by Smith and A d am so n 1 suggest that levels of non de-oiled herring offal silage in the 
diet of grow ing pigs must be restricted to avoid production o f  carcass taint. T o  avoid this problem. 
Opstvedt- suggested that de-oiled herring offal silage may be more suitable for use as a dietary 
protein supplement for pigs. Sensory evaluations were therefore carried out to determine if carcasses 
o f  pigs given high ( HS) and medium ( MS) levels of protein supplement [1 50 and 75 kg t 1 dry matter 
(D M )] in the experiment reported by Hillyer er ctl.3 showed either evidence o f  taint or produced 
meats with flavour defects likely to reduce consumer acceptance.
Because fat and fat-soluble precursors influence meat flavour, and fat may act as a solvent for 
substances likely to exert a modifying effect on flavour, examination of fat depots may provide 
warning o f  possible flavour defects. Triangle testing techniques had been shown in a pilot study to 
be effective in demonstrating  differences between the arom a o f  subcutaneous fats from the upper 
thoracic mid-line region. Triangle tests indicate only that differences do or do not exist between 
samples. T o  avoid positional bias, ideally six presentations should be made. In this experiment 
where there was a reasonable possibility that differences existed, to avoid sensory fatigue, presenta­
tions were restricted to three.
Paired Comparison (Preference) tests were used for flavour evaluation. Were statistically signifi­
cant differences in a rom a to be established it would be possible to determine if these differences were 
associated with loss of palatability as a result.
F or  both Triangle tests and Paired Comparisons (Preference) statistical tables were used or the 
Chi-square statistic calculated4 to evaluate results.
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2.1. Aroma evaluation
2.1.1. Triangle tests
Samples o f  subcutaneous fat from ten HS and ten MS pigs slaughtered at 60 kg were compared 
with matched controls (H C  and MC). To avoid positional bias HS and MS were presented as the 
odd samples at first, second and third positions in the same series o f  tests. Samples from the upper 
thoracic mid-line region were cut using separate scalpels and transferred to labelled boiling tubes 
with ground glass stoppers. Each batch o f  three tubes was placed in a numbered beaker immersed 
in a thermostatically controlled water-bath at 60 C. Testers were required to identify by arom a 
which tube contained the odd sample. A special area o f  the laboratory was used for each test. 
Recording forms were retained in the same area. The experiments were repeated com paring samples 
o f  subcutaneous fat from HS and MS pigs slaughtered at 90 kg with matched controls. These 
samples w-ere from the same carcasses as the roasted pork jo in ts  assessed in the Paired Comparison 
(Preference) tests. Agreement between results of tests could therefore be determined.
2.2. Paired Comparison
2.2.1. (Preference) tests
Each coded sample was presented first on an equal num ber o f  occasions. Effects o f  the subjective 
nature of indiv idual preference were minimised by a large number o f  presentations.
Samples from eight HS and eight MS pigs slaughtered at 90 kg were compared. Joints from lum bar 
vertebrae 10-13 were used. Previous tests had established that cross-contamination o f  samples 
during cooking does not occur. Thus, to achieve standard rates of heating each pair o f  samples 
was cooked on a trivet in tins located on the same shelf of an electric oven pre-heated to 177 C 
The cooking process was considered to be completed w hen an internal temperature of 87.5 C was 
attained.
To eliminate textural differences which might influence flavour preference, pork rusk loaves were 
prepared using a model sausage mixture derived from G era rd .3 C ooking and internal temperatures 
were the same as for roasted joints. S tandard covered loaf tins were used.
T o  allow continued uniformity in presentation during the tasting sessions both roasted joints 
and pork rusk loaves were sliced and portioned cold. Visible fat was removed to ensure consistency 
in the appearance of samples; this is recognised consumer practice and is a dietary recom m endation .1’
2. E x p e r im e n ta l
T a b l e  1. A r o m a  o f  t h e  s u b c u t a n e o u s  fat  o f  6 0 - k g  p i g s — T r i a n g l e  tes t s
Te s t
N u m b e r
o f
c o m p a r i s o n s
S i g n i f i c a n c e — all t e s t e r s  
N S  * ** ***
S i g n i f i c a n c e — selec t ed  
N S  * **
t e s t e r s ” 
* * *
HS v.v HC 10 6 :  o  ; 2 2 0 6
MS is MC 10 5 ? 0 2 2 1 0 7
" T e s t e r s  s e l ec t ed  o n  abi l i t y t o  I den t i f y  o d d  s a m p l e  cor r ec t l y  in a t  l eas t  5 0 “ „ o f  p r e s e n t a t i o n s .  
* P < 0 . 05 :  ** P  < 0.01 : ” ** P <  0.001 : N S  =  N o t  s igni f i cant .
A n a ly s is  o f  te s te r s ' p e r fo r m a n t e
T o t a l  r e s p o n s e s C o r r e c t  r e s p o n s e s
P e r c e n t a g e
c o r r e c t
H S  vs H C
Al l  t e s t e r s 1805 789 4 3 . 7
S e l e c t ed  t e s t e r s 536 323 6 0 . 3
M S  vs  M C
All  t es t er s 1377 622 4 5 . 2
S e l e c t ed  t e s t e r s 455 270 5 9 . 3
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Whilst it could be argued that tasting of hot samples might have been a more sensitive procedure 
in delecting flavour differences, experiments in the laboratories of the au thors  indicate that tasters'  
acuity is not adversely affected when meats are tasted cold.
3. Results
3.1. Triangle tests
Results o f  Triangle tests to  detect differences in arom a o f  subcutaneous fat o f  ten HS and ten MS 
pigs slaughtered at 60 kg are given in Table 1. Table 2 shows the results of the Triangle tests for the 
90-kg pigs.
T a b l e  2.  A r o m a  o f  t he  s u b c u t a n e o u s  fat  o f  9 0 - k g  p i g s — T r i a n g l e  t e s t s
N u m  ber S i gn i f i c a nc e — all t e s t e r s S i g n i f i c a n c e — s el ec t ed  tes t er s '
o f
Tes l c o m p a r i s o n s N S  * ....................... N S * »» * * *
H S  v.\ H C 8 5 1 0  2 5 1 0  2
M S  i-i M C 8 2 0  2 4 : 0 1 5
" See  f o o t n o t e s  t o  T a b l e  1.
A n a ly s is  o f  te s te r s ' p e r fo r m a n tc
P e r c e n t a g e
T o t a l  r e s p o n s e  C o r r e c t  r e s p o n s e c o r r e c t
H S  vs H C
All  t e s t er s 282  134 4 7 . 5
S e l ec t ed  t e s t e r s 162 90 5 5 . 6
M S  vs M C
Al l  t es t er s 281 166 59 .  1
Se l ec t ed  t e s t e r s 155 118 76 .  1
3.2. Paired Comparison (Preference) tests
Results of Paired Comparison (Preference) tests on roasted joints and pork rusk loaves to detect 
differences in flavour are given in Table 3.
4. Discussion
Statistically significant differences in arom a of subcutaneous fat were established at both supplement 
levels and at both slaughter weights. The sensitiv ity of the Triangle testing procedure was increased 
by using only results o f  testers showing aptitude for the testing procedure in that correct judgments 
were given on at least 5 0 ° 0 o f  presentations. Detection of difference in the 60-kg pigs increased 
from 4 and 5 to 8 in both HS and MS groups, respectively, when results provided only by these 
testers were used. F or  the 90-kg pigs, improvement in testers' performance was shown but this was 
not reflected in increased sensitivity o f  the Triangle testing procedure. Differences were detected 
in only three of  eight HS vs H C  comparisons, whereas in six of eight of the MS and M C  comparisons 
differences w'ere noted. F rom  Tables 1 and 2 it can be seen that greater differences in arom a of 
subcutaneous fat from carcasses at both 60 and 90 kg slaughter weights were demonstrated between 
MS and M C  groups than between HS and H C  groups.
Triangle tests indicated only that detectable differences existed between tests and control samples. 
Hedonic ratings or descriptive analyses were not required. In the Paired C omparison (Preference)
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T a b l e  3.  P a i r e d  C o m p a r i s o n  ( P r e f e r e n c e )  t e s t s— f l a v o u r  o f  r o a s t e d  j o i n t s  a n d  p o r k  r u s k  l e a s e s  f ron t  
( n u m b e r  p r e f e r r i n g  s a m p l e s  f r o m  di f f e rent  t r e a t m e n t s )  9 0 - kg  pigs
R o a s t e d  p o r k  j o i n t s P o r k rus k l oaves
C o m p a r i s o n : 
H S  r.v H C H S H C n S i gn i f i canc e H S H C n S i gn i f i canc e
1 20 15 35 N S 18 31 49 N S
23 73 46 N S 10 17 27 N S
} 29 21 50 N S 48 54 102 N S
4 34 14 48 * * 53 32 85 *
5 23 16 39 N S 18 16 34 N S
6 33 23 56 N S 1 1 17 28 N S
7 24 26 50 N S 28 *> 50 N S
8 20 1 1 31 N S — --- — —
C o m p a r i s o n : 
M S  »w M C M S M C ii Si gn i f i cance M S M C ii Si gn i f i cance
1 25 25 50 N S 19 17 36 N S
24 11 35 * 18 21 39 N S
? 14 18 32 N S 27 33 50 N S
4 24 16 40 N S 17 15 32 N S
5 13 26 39 N S 16 14 30 N S
6 7 24 31 * * 16 11 27 N S
7 14 17 31 N S 16 13 29 N S
8 15 14 29 N S 19 10 29 N S
See f o o t n o t e s  t o  T a b l e  I
tests, considering HS and HC roasts from the 90-kg pigs, HS jo in ts were preferred in six of eight 
presentations. In only one of these presentations, however, was the preference o f  statistical signifi­
cance ( / ’ < 0.01). In MS v.v M C  roasts, of the two comparisons associated with statistically significant 
flavour preferences, one t P < 0.05) was for MS and the other ( P < 0 .0 1) for MC. Examination of the 
comparisons as a whole suggests that preferences on the basis o f  flavour were difficult to establish 
with 5 5 " 0 of tasters preferring HS roasts ( =  3.41 NS) and 5 4 " 0 M C roasts (x2 =  2.18 NS). It 
should be noted that in the HS r.v HC flavour comparison o f  statistical significance, no difference 
between arom a of subcutaneous fats was detected. In the MS r.v M C comparisons, at the P<  0.01 
level, differences in a rom a were detected by Triangle tests but on one occasion flavour preference 
was for MS and on the other for MC.
Flavour preferences for pork rusk loaves were even more difficult to establish. As with roasted 
joints , the single flavour preference (P<  0.05) for the HS pork rusk loaf suggests that this particular 
carcass was of very superior flav our. Flav our preference for HS and MS loaves was 49.6 and 54.4 ° 0. 
respectively (x2 =  0.01 NS and x2=  1-94 NS) but as a result o f  converting meats to meat loaves to 
reduce influence of textural differences on flavour preference, comparisons showed greater lack of 
sensitivity than in roasted samples.
Hence, in this series o f  experiments it is reasonable to conclude that detectable differences in 
arom a of the subcutaneous fat samples did not affect flavour preference in roasted pork jo in ts  or 
pork/rusk  loaves. Further tests would be required to  establish whether substances responsible for 
detectable differences in arom a of the subcutaneous fat decompose or volatilise during the cooking 
process. Alternatively, lipids o f  the subcutaneous tissue o f  the upper thoracic mid-line region may 
not be sufficiently comparable  to  those o f  intramuscular fat o f  muscles from lumber v ertebrae 10-1? 
to predict flavour defects in cooked meats.
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